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The incomparable drama апа excitement of The 
National Air and Space Museum —the thrill of 
standing under the Wright Flyer. the world’s first 
successful airplane, of walking through a Skylab 
Orbital Workshop, of standing on the bridge of an 
aircraft carrier to watch launching operations, of 
touching a real piece of the Moon—are recreated 
in this unique book. Prepared with the coopera- 
tion of the Museum, it enables the reader to take 
part in humanity's greatest adventure—the con- 
quest of the skies and our inevitable journey to 
the stars. 

Using the most sophisticated techniques ever 
employed to exhibit a collection, The National Air 
and Space Museum makes it possible for its visi- 
tors to participate in aeronautical and space flight 
history. Here under one roof are the Wright Flyer, 
Lindbergh's Spirit of St. Louis, Billy Mitchell's 
SPAD, the DC-3, and the Apollo Command Module 
Columbia, among innumerable other treasures. 

This book goes far beyond describingthe Mu- 
seum's headline-making collections and bril- 
liantly conceived exhibits. C.D.B. Bryan's text 
clearly conveys the spirit and content of the ex- 
hibits in each of the Museums galleries, incor- 
porating personal reminiscences. contemporary 
reports, and actual logs. Superb illustrations— 
which include over 250 specially created full-color 
photographs and many unusual documentary 
pictures—tell the entire story of flight from the 
past to the present moment. 

Since it opened its doors in 1976. more than 
30 million people have visited the National Air and 
Space Museum, an international record. As au- 
thor Bryan observes, "each visitor comes away 
from the Museum with a renewed sense of awe and 
shared pride in these accomplishments. for no- 
where else in the worid has been gathered such 
overwhelming proof that some of our most ele- 
mental dreams can and do come true." Like its 
remarkable subject, this book is a voyage of dis- 
covery, an authentic air and space odyssey. 


C.D.B. BRYAN, a novelist of distinction, whose 
works include PS. Wilkinson (winner of the 
Harper Prize in 1965), and The Great Dethriffe 
(1970), is also the author of Friendly Fire (1976). 
which was adapted for television. He has contrib- 
uted short stories, articles, and criticism to The 
New Yorker, The New York Times Magazine, and 
other periodicals. 


DAVID LARKIN, who art directed this volume, is well 
known as an illustrator and book designer 


The book includes a Chronology. Appendix, Bib- 
liography, and Index. 303 illustrations, 259 in 
full color, including many double-page spreads 
and multipage foldouts. 
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А Note on the Photography 


If the exhibits as they appear in this book seem as real 
and lively to the readers as the experience of visiting 
the Museum, then the three photographers and 
myself have achieved our objective. The photogra- 
phers never had previously the opportunity, or the 
challenge. of attempting to represent such a vast, 
diverse museum experience through the camera, from 
scratch. The effort proved an extraordinary 
experience in itself. 

It was necessary, for instance, for one of the 
photographers to spend a week photographing the 
huge murals that dominate the main entrance to the 
Museum. To do this he had to perch in a cage 50 feet 
above the ground, holding his breath and taking 
pictures with a 45-second exposure, patiently guessing 
that he would miss the tremor caused by the new 
Metro under the Museum—a tremor which could be 
felt only on his high. extended platform.... 
Photographing the insides of the Apollo Command 
Module brought home the recognition that it had not 
been designed for photography. But the acute 
discomforts to the photographer of maneuvering in 
that restricted space to get his shots demonstrated, as 
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nothing else could, the truly astonishing feat of the 
three men who lived in that Module for a full week. 

During the actual shooting of the many exhibits 
we were mindful of the fact that in a true peoples 
museum we had to conduct our work without 
hindering the enjoyment of the visitors. We hope we 
succeeded in this. It was interesting to note how many 
people were themselves enjoying the fun of 
photography. And we noticed, with amusement, that 
whenever we were attempting to photograph the 
public itself, people would observe our attempts and 
curtail their own examination of the exhibit, politely 
stepping aside, not realizing that their fascination 
with the riches the Museum has to offer was exactly 
what we were after. Nevertheless, our thanks to those 
adults and children who do appear in this book, for 
making that part of our task such a pleasure. Our 
thanks, too, to all the Museum staff who so ably 
assisted us. But the photographers especially would 
like to thank E.J. Thomas, who helped us to get into 
position for many particularly difficult shots, and who 
was an unfailing mainstay throughout the months 
of our work in the Museum. 


David Larkin 
London 


A. the end of World War II, General Hap 
Arnold worried that his war birds would all be 
converted to scrap metal. One of each type, he 
thought, should be saved for posterity, so he 
talked it over with Congressman (now 
Senator) Jennings Randolph of West Virginia. 
From this conversation emerged Public Law 
722 (August 12, 1946) which created the 
National Air Museum, whose name was 
amended in 1966 to include Space. In the 
stiff congressional language of the 1946 Act, 
the fledgling museum was instructed to 
"memorialize the national development of 
aviation; collect, preserve, and display 
aeronautical equipment of historic interest 
and significance; serve as a repository for 
scientific equipment and data pertaining to 
the development of aviation; and provide 
educational material for the historical study 
of aviation." This book records, thirty-three 
years later, the results of this mandate. 

As several chapters in this book make clear, 
the Smithsonian Institutions interest in 
aviation goes back to the nineteenth century, 
and the 1896 aerodrome of Professor Samuel 
Pierpont Langley, the third Secretary of the 
Smithsonian, hovers proudly over one of 
Robert Goddard's rockets in the Milestones of 
Flight gallery. Paul Garber, who joined the 
Smithsonian staff in 1920 and who is still at 
the Museum, has the instincts of a mother 
squirrel facing a tough winter. Over the 
intervening years, Paul built up the 
aeronautical collection to the point that today 
it is the finest in the world. In similar fashion, 
a cornucopia of space artifacts has been made 
available, so that when $40 million for the 
new building was finally approved in 1971 


Foreword 


(thanks to people like Dillon Ripley, Barry 
Goldwater, and James Webb), the Museum 
staff had the luxury of selecting the very finest 
artifacts from a superb collection. 

One fundamental question in planning the 
new buildings interior was what slice of the 
pie to devote to air, and what to space. Asa 
former astronaut and presumably with an 
emotional tilt toward space, I sometimes had 
the feeling that the aeronautics staff was 
watching me with a jaundiced eye. But in fact 
Гуе spent thousands of hours flying airplanes 
and only hundreds aboard spacecraft, and I 
feel just as comfortable in the gallery on Flight 
Testing as I do in that devoted to the Apollo 
program. I relied upon Melvin Zisfein, the 
Deputy Director of the Museum, to create a 
master plan which divided our air and space 
heritage into manageable packages, and 
assign each to a gallery. Generally Mels plan 
followed thematic lines but in some cases 
the ever-accelerating pace of aeronautics and 
astronautics was highlighted. In the 
Milestones of Flight gallery. for instance, the 
original Wright flyer and the Apollo 11 
Command Module, whose flights were 
separated by a mere 66 years, were placed 
next to each other. Nearby, and spanning the 
gap, Lindbergh's Spirit of St. Louis was hung 
on thin wires, and before we knew it, opening 
day was upon us. 

July 1, 1976, was a proud day. "A perfect 
birthday present from the American people 
to theinselves," President Ford called the 
Museum, as he and Chief Justice Warren 
Burger (the Chancellor of the Regents of the 
Smithsonian Institution) watched a red, 
white, and blue ribbon being cut by a signal 
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radioed back over nearly 200 million miles 
from a Viking spacecraft approaching the 
planet Mars. Like an expectant father, the 
architect, Gyo Obata, watched as the first 
visitors streamed inside. Within two years 
more than twenty million had followed them, 
making it the busiest museum in the world. 
For those who have not visited the 
Museum, or for those who want to savor that 
visit with a tangible reminder, this book not 
only documents its principal exhibits, but 
conveys the mood and spirit of the Museum 
as well. Through photographs and text, a 
vicarious visit unfolds, and one is transported 
across the English Channel in a balloon, over 
the sands of Kitty Hawk with the Wrights, 


across the Atlantic with Lindbergh, onto the 
Moon with Armstrong and, finally, far out 
into the future where only the mind can 
reach. 

The National Air and Space Museum is, 1 
think, a cheery and friendly place, and this 
beautiful volume captures that spirit of 
optimism. It also makes clear some of the 
processes by which our daily lives are touched 
by advances in aeronautics and astronautics. 
I hope that future events justify the 
enthusiasm expressed for humanity's love 
affair with air and space, and I trust that 
exciting new chapters will be added to future 
editions as we continue to push ever upward 
and outward. 


Michael Collins 
Under Secretary, 
Smithsonian Institution 


Editors Note: The National Air and Space 
Museum is a living museum whose exhibits 
change periodically to reflect advances in 
aeronautics and astronautics. The contents 
of this book, which were formulated in the 
Fall of 1978, reflect the Museum as it was 
organized at that time. 
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T school buses, tour buses, charter buses 
begin lining up along Jefferson Drive on the 
Mall side of the Smithsonian Institution's 
National Air and Space Museum (NASM) in 
Washington, D.C., a half hour before the 
doors to the huge pink marble and glass 
sheathed building even open. Early visitors 
push eagerly forward, crowd against the 
immense Milestones of Flight gallery 
windows, shield their eyes and press their 
foreheads to the glass to peer inside. They 
point, glance away for but an instant to talk 
excitedly among themselves, then quickly 
turn back to look inside again. 

Neither the visitor's age nor his nationality 
seems to matter, his eyes always reflect the 
excitement, the anticipation. the wonder 
ofa child: and it is this joyful expectancy. 
exactly, one sees on the Museum visitor's 
face that provides the most dramatic 
evidence of the National Air and Space 
Museum's enormous popularity—a 
popularity more scientifically measured. 
perhaps, by the fact that on July 9. 1978, 
just two years and eight days after NASM 
opened in time for the nation's Bicentennial, 
its twenty millionth visitor passed through 
its doors. More people visited NASM during 
those two years than visited the Lincoln 
Memorial, the Washington Monument, the 
United States Capitol. and the White House 
combined. There is not another museum 
like it in the world. 

Each person who visits the National Air 
and Space Museum finds himself moved by 
that experience in a way he may not have 
anticipated, affected personally by the 
sudden, unexpected intimacy of his contact 
with history—history which, in some cases, 
is so recent that it is not surprising when a 
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Museum visitor is seen reaching hesitantly 
upward toward a spacecraft's heat shield as 
if it might be still warm to the touch. And 
each visitor comes away from the Museum 
with a renewed sense of awe and shared 
pride in these accomplishments, for 
nowhere else in the world has been gathered 
such overwhelming proof that some of our 
most elemental dreams can and do come 
true. But, what is so astonishing, perhaps. 
is that so many of these dreams come true 
so fast. 

Only twenty-four years after Orville 
Wright skimmed above the Kill Devil Hill's 
sands for one hundred and twenty feet in 
twelve seconds that cold, windy December 
day near Kitty Hawk in 1903, Charles A. 
Lindbergh flew his Ryan monoplane, the 
Spirit of St. Louis, alone for 3,610 miles in 
33 hours and 30 minutes non-stop across 
the Atlantic. 

Orville Wright was still alive on October 14, 
1947, when Charles Yeager in the Bell X-1 
became the first man to break the speed of 
sound. And less than thirteen years later on 
February 20, 1962, John Glenn became the 
first American to orbit the earth. 

In his Mercury spacecraft, Friendship 7, 
Glenn traveled 80,428 miles at 17,500 mph 
and within 4 hours and 55 minutes three 
times circled the earth at an altitude between 
101 and 162 miles. The first liquid-propellant 
rocket had been developed by Robert H. 
Goddard only thirty-six years before: the 
Goddard 1926 rocket had reached an 
altitude of 41 feet in 2.5 seconds. Three years 
after Glenn, astronaut Edward H. White 
opened the right-hand hatch of the Gemini 4 
spacecraft he shared with James A. McDivitt 
and, connected to the spacecraft's life 


Edward Н. White ll and James А. McDivitt's Gemini 4. 


support and communications systems only 
by a gold-covered “umbilical cord,” he 
climbed outside to become the first 
American to “walk” in space. 

In July. 1969, only sixty-five years and 
seven months after the Wright brothers' 
Flyer became the world's first powered 
airplane to carry a man and fly under 
control, astronauts Neil Armstrong, Edwin 
Aldrin, and Michael Collins rocketed to the 
Moon in the Apollo 11 spacecraft and while 
Collins circled above in the command 
module Columbia, Armstrong and Aldrin 
dropped down to the surface in the lunar 
module and became the first men to walk 
upon the Moon. 

The Wright Flyer, Lindbergh's Spirit of St. 
Louis, Yeager's Bell X-1, Goddard's 1926 
rocket, Glenn's Friendship 7, White and 
McDivitt's Gemini 4, Armstrong, Aldrin, and 
Collins' Apollo 11 command module 
Columbia are all there inthe National Air 
and Space Museum's Milestones of Flight 
gallery. Small wonder that those early 
visitors waiting for the Museum's doors to 
open peer so eagerly through the glass; they 
are looking upon treasures more fabulous 
iban any Pharaoh's fortune. These treasures 
share their space with an even more exotic 
object older by some four billion years: a thin 
slice cut from a small, very hard, fine-grained 
piece of basalt rock picked up in December, 
1972, by the astronauts of Apollo 17 from the 
surface of the Moon. 

Ever since the Smithsonian Institution's 
founding in 1848 it has evidenced its 
interest in aerospace development. Joseph 
Henry, the first Secretary of the Institution, 
successfully persuaded President Abraham 
Lincoln to support balloonist Thaddeus S.C. 
Lowe's utilization of captive balloons by the 
Northern Army for military observation 
during the Civil War. The Institution's 
collection of aeronautical objects began in 
1876. when a group of kites was acquired 
from the Chinese Imperial Commission. 
Samuel P. Langley, the third Secretary of the 
Institution (and a trained astrophysicist 
who established the Smithsonian 
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Astrophysical Observatory), was smitten by 
the allure of flight in his late fifties and 
became one of aviation's most controversial 
and unlucky early pioneers. He managed to 
produce in 1896, nevertheless, the first 
American heavier-than-air powered flying 
machine capable of making a free flight 

of any significant length. His machine, 
Langley's Aerodrome £5, containing a 1 hp 
steam engine, was launched from a 
houseboat on the Potomac River and flew 
about 3,000 feet at a speed of about 25 mph 
before landing gently in the river. The model 
hangs near the east wall of the Milestones of 
Flight gallery. When Langley attempted to 
build a man-carrying machine based on an 
enlargement of his successful model's design, 
he failed. 

The fourth Secretary of the Institution, 
Charles D. Walcott, and Smithsonian 
Regents Alexander Graham Bell and Ernest 
W. Roberts, realizing the need to place 
American aviation on a sound scientific 
footing, began actively petitioning Congress 
for an aeronautical research and policy 
center in 1912. As a result of their efforts, 
the National Advisory Committee for 
Aeronautics (the forerunner of NASA) was 
created in 1915. The following year the 
Smithsonian began its long association 
with Robert H. Goddard, the “father” of 
modern rocketry. For the next twenty-nine 
years the Smithsonian not only published 
his major articles but assisted in providing 
funds for his research. 

Congress established the National 
Air Museum on August 12, 1946,asa 
Smithsonian bureau to "memorialize the 
national development of aviation; collect, 
preserve, and display aeronautical 
equipment of historic interest and 
significance; serve as a repository for 
scientific equipment and data pertaining to 
the development of aviation; and provide 
educational material for the historical study 
of aviation." (Twenty years later that act of 
Congress was amended to include space 
flight.) Recognizing that before NASM could 
fulfill its mandate a new museum building 


The "cockpit" of the first Wright Flyer. 


would be essential, Congress in 1958 exhibits is not, however. what makes NASM 
designated the present site for the unlike any museum in the world: it is the 
Museum—a site that has been used for methods by which the collection is made 
aerospace activities ranging from early available to the public and exhibited. The 
balloon ascensions to, more recently. goal of the Museum has been to present the 
the colorful Kite Flying festivals. In story of flight in all its dimensions. And 
November, 1972, work on the new National fundamentally, like other museums, NASM 
Air and Space Museum began. The building uses words, images, and physical objects 
officially opened to the public on July 1, 1976. to communicate with the visitor. The 

The remarkable singularity of many of its basic organization of the galleries is 


uncomplicated: each is devoted to a single 
subject or theme so that when taken in 
totality they do cover the entire concept of 
flight. But the Museum's approach to its 
exhibits ranges from the most simply 
labeled objects to the most sophisticated 
presentation techniques. "Our main 
objectives have been communication of 
information and feeling." Melvin B. Zisfein, 
NASM's Deputy Director and director of its 
exhibits program, has said, "and our 
exhibits have been aimed at making the 
visitor a willing and happy participant in the 
process." And there is the key to the 
Museum's popularity. Visitors are urged to 
have fun, to stand in the cockpit of a DC-7, to 
fly a Link Trainer, to walk through a Skylab 
Orbital Workshop, to touch a piece of the 
Moon. In the Sea-Air Operations gallery the 
visitor stands on an aircraft carrier's 
"hangar deck" among actual Navy fighter 
planes and bombers and through a hatch to 
the carrier deck sees the sea rushing past. In 
the World War 1 Aviation gallery the visitor is 
"transported" to an Allied advance air base 
just two days before the end of the war. Close 
to a hundred different films showing actual 
aircraft in combat, being tested, crashing, 
breaking records. document the progress 
aviation has made. There is also “То Fly,” the 
spectacular film salute to America, projected 
on a screen five stories high. Still, 
notwithstanding the most sophisticated and 
dramatic exhibit techniques, the basic fare 
of the Museum is its mandated "aeronautical 
and space flight equipment of historic 
interest and significance." 

It cannot help but be something of a shock 
for the Museum visitor to realize that the 
frail-looking canvas and wooden machine 
hanging overhead is the one and only Wright 
Flyer with which Wilbur and Orville Wright 
became the first men to successfully carry 
out controlled and powered heavier-than- 
air flight. АП of the airplanes exhibited 
are genuine. The Japanese Zero, the 
Messerschmitt ME-109, the P-51 Mustang in 
the World War II gallery were flown in that 
war. The spacecraft are the actual craft used 
if they were returned from space. {lf the 
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return was not possible, NASM exhibits the 
real back-up vehicle or a replica made from 
actual flight hardware.) The Apollo 11 
command module Columbia is the very one 
in which Neil Armstrong. Edwin Aldrin, and 
Michael Collins returned from the Moon. It 
seems especially fitting that Michael Collins 
should have become the first Director of the 
new National Air and Space Museum. Collins 
has suggested that the reason that the 
Museum has become the biggest tourist 
attraction in Washington is perhaps because 
so much of the collection represents specific 
historic events people can recall. "We are 
fortunate," he has said, "in that the span of 
history with which we work is relatively 
short. People find it easier to relate the 
exhibits to their own lives." When the visitor 
moves among the exhibits, he is not just 
looking at a collection of objects, he is 
reliving an experience, whether it be the first 
time he took a commercial airline flight, 
served in a war, flew his own plane. cheered 
Lindbergh's flight across the Atlantic, or 
Apollo 11's television transmissions from the 
surface of the Moon. At one time or another a 
major portion of the Museum's exhibits 
made world headlines. The visitor can stand 
next to, touch. or step inside history and share 
that experience with everyone else there, too. 

This book is an attempt to recapture some 
of the National Air and Space Museum 
experience. Wherever possible we have 
supplemented the text with the personal 
reminiscences, eyewitness accounts, actual 
logs. or written records of some of the men 
who designed or flew in the machines on 
exhibit. We hope thereby to provide the 
Museum visitor and reader of this book with 
an even deeper understanding and 
appreciation of the wonders of flight. And 
though the objects exhibited in the Museum 
can be admired for their uncanny sculptural 
beauty and the sometimes marvelous 
functions they have performed, one must 
never lose sight of the fact that they are only 
the footprints left behind by humanity on its 
long, arduous, occasionally halting but 
wholly satisfactory, admirable, and inevitable 
journey to the stars. 


EN Pr 
IA О Д 


/ 
ore, 
> АГА 
< =” 
A >j 


ИИ леу America was 
exuberant. Optimistic. Confident that with 
hard work and God's divine will nothing was 
impossible. “God has marked the American 
people as His chosen nation,” Indiana 
Senator Albert J. Beveridge proclaimed, "to 
finally lead in the regeneration of the world. 
This is the divine mission of America, and it 
holds for us all the profit, all the glory, all the 
happiness possible to man. We are trustees 
of the world's progress. guardians of its 
righteous peace." 

The promise of science and technology 
enthralled Americans; the most marvelous 
new machines and inventions bad already 
changed their lives. There now existed 
electricity, the telephone, the typewriter, the 
sewing machine, the automobile, the self- 
binding harvester, locomotives of seemingly 
incredible power and unlimited speed. 

Among its cast of out-and-out cranks and 
eccentrics, every small town in America had 
its two or three inventors, tinkerers, men 
who believed their better mousetrap, their 
superlor tool, their perpetual-motion 
machine would—after just a little more 
refinement—bring them fortune and fame. 
For them Thomas Edison epitomized the 
belief that by inventing something they 
would turn themselves into tycoons. Two 
such men were Orville and Wilbur Wright. 
whose unstinting patience, scientific 
intuition, methodical experimentation, and 
boundless confidence and optimism enabled 
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them within four years to succeed in 
resolving and providing satisfactory 
solutions to the seemingly insurmountable 
problems that had plagued all their 
predecessors and prevented men from 
achieving winged. powered, controlled flight. 
This is the story of Wilbur and Orville Wright 
and the dawn of aviation, too. 

Wilbur Wright was born in Millville, 
Indiana, on April 16, 1867, the year gold was 
discovered in Wyoming, diamond fields in 
South Africa. Nebraska became our 37th 
state, Russia sold us Alaska for $7,200,000 
(roughly 24 per acre), the year Marie Curie 
was born, that Charles Baudelaire died, 
Mark Twain wrote "The Jumping Frog" and 
Ibsen Peer Gynt, and Dr. David Livingstone 
was exploring the Congo in search of the 
source of the Nile. 

Orville Wright was born in Dayton, Ohio, 
four years later, on August 19, 1871, the year 
of The Great Fire in Chicago, that Lewis 
Carroll's Through the Looking Glass and 
Charles Darwin's Descent of Man were 
published, Simon Ingersoll invented the 
pneumatic rock drill, and James Gordon 
Bennett's New York Herald reporter Henry 
M. Stanley greeted a stooped and sickly white 
man at Ujiji, Central Africa, saying, "Dr. 
Livingstone, I presume?" 

To set the Wright brothers in time is easy 
enough, but to separate the reality of their 
personalities from the portraits painted of 
them over the years by myth, malice, and 
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The Wright Flyerin which, on December 17, 
1903, one of man's oldest dreams was 
realized when Orville Wright achieved the 
world's first successful controlled, powered, 
manned, heavier-than-air flight. His epoch- 
making 120-foot journey lasted just 12 
seconds, but aviation was born. 


misunderstanding is more difficult. С.Н. 
Gibbs-Smith, the Smithsonian's first 
Lindbergh Professor of Aerospace History, 
has long fought attempts to depict the 
Wrights as a couple of bright, local boys who 
"with wire, spit, sticks, canvas, and spare 
parts from their bicycle shop put together an 
airplane." 

The Wrights, be has said, "were among 
the best educated men in the United States 
in the 19th Century." Although neither 
Wilbur nor Orville bothered to graduate from 
high school one has only to dip into their 
correspondence or attempt to follow their 
technical and theoretical experiments to 
realize the high quality of education they 
achieved. Orville Wright often spoke of their 
upbringing as having given them 
"exceptional advantages" but he was not 
referring to wealth. Their father, Milton 
Wright, was a Bishop in the United 
Brethren Church whose salary was never 
more than $900 a year. And although there 
was an additional slight income from a 
family farm in Indiana, money for luxuries 
was scarce. "All the money anyone needs," 
Bishop Wright used to say, "is just enough to 
keep from being a burden to others." The 
"exceptional advantages" Orville spoke of 
were those of an environment created in 
their home by their dignified and 
broadminded father, who never set rigid rules 
of conduct for his children, but rather 
encouraged them to be independent 
thinkers, to pursue intellectual interests, to 
investigate whatever aroused their curiosity, 
and to have confidence in their reasoning. 
His children respected and obeyed their 
father not out of fear but because they so 
admired him. In fact, it was out of deference 
to their father that neither Wilbur nor Orville 
would permit exhibition flights of their 
aircraft on Sundays—the day that would 
have been most profitable. 

If Wilbur and Orville inherited their 
mechanical aptitude from any member of 
their family it would probably have come 
from their mother, Susan Koerner Wright, 
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the daughter of a German-born wagon 
maker. According to her children, she could 
mend anything. If they could not afford a 
necessary appliance, she would adapt some 
other household device to do the needed 
task. Mrs. Wright died when Wilbur was 
twenty-two and Orville eighteen: their older 
brothers Reuchlin and Lorin had already 
married and moved into homes of their own. 
Wilbur, Orville, and their younger sister 
Katharine remained in their Dayton home 
with their father and formed the nucleus of 
the extraordinarily close-knit Wright family. 

In the 1880s and 1890s bicycling swept 
Europe and the United States. Bicycle clubs 
sprang up everywhere. The League of 
American Wheelmen, which was organized 
in 1880, had become a major agitator in the 
movement for good roads. The new 
European “safety” bicycle with its 
approximately same-size front and rear 
wheels, sprocket chain-drive connecting its 
pedals to the rear wheel and pneumatic tires 
had come to the Wrights’ attention and in 
1892 Wilbur and Orville became caught up in 
the fad. Orville even tried some track racing. 
The Wrights were always mechanically 
minded. Lorin had invented an improvement 
on a hay-baling machine, Wilbur had 
designed and constructed a practical device 
for folding paper to diminish the tediousness 
of fulfilling a contract he had to fold the 
entire weekly issue of an eight-page church 
paper. Wilbur and Orville had both built a 
front porch onto their Dayton home and did 
all the lathe work for the posts themselves 
and then remodeled the interior of the house 
as well. What had started as an interest in 
making wood engravings developed within a 
few years into a printing-press business, and 
when Orville was seventeen he built a press 
big enough and fast enough to print a 
newspaper. The brothers were so handy with 
machinery that, inevitably, they began 
repairing other young men's bicycles and 
eventually opened their own bicycle shop, 
where in addition to doing repairs they sold 
some of the established brands like the 


Coventry Cross, Halladay-Temple. Warwick, 
Reading. Smalley, Envoy, Fleetwing. and 
some they made themselves. When the 
perfecting press came into use in Dayton, 
Wilbur and Orville's small neighborhood 
paper. a four-page. five-column paper called 
The Evening Item, could not compete and it 
was converted back from a daily into a 
weekly, although their printing business 
remained about the same. 

The Wrights traced their flying machine 
interest back to a toy Pénaud-type helicopter 
made of cork, bamboo, and thin paper 
powered by a rubber band, given them by 
their father in 1878, when Wilbur was eleven 
and Orville seven. Wilbur had almost 
immediately attempted to improve its design 
and made several models, each larger than 
the preceding. To their dismay the boys 
discovered that the larger the machine they 
built, the less well it flew and that, in fact, it 
would not fly at all if its size was much 
greater than the Pénaud toy. Disappointed 
by this line of experimentation, the boys 
turned to kite flying. though they never 
ceased to be fascinated by anything they read 
about flying machines. There was, of course, 
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the "popuiar" literature of the day—Jules 
Verne in his 1865 From the Earth to the 
Moon had launched three men into space 
within a conical projection fired from the 
Florida coast and five years later in Around 
the Moon rescued his astronauts from 
permanent oblivion by bringing them back 
to a safe ocean landing on earth. But the 
Wrights were never particularly interested in 
fiction. When, in 1895, they read of the 
gliding experiments being conducted by Otto 
Lilienthal, Germany's first and foremost 
contributor to the conquest of the air, they 
sought every piece of information they could 
learn about him. Between 1891 and 1896 
Lilienthal had made over 2,000 glides—some 
of them of several hundred feet —down a 
large hill he had constructed near Berlin. His 
early gliders were monoplanes with fixed 
tails. The pilot's head and shoulders were 
above the cambered wings, his hips and legs 
dangled below. What limited directional 
control Lilienthal achieved he managed by 
shifting his hips and weight from side to side 
or back and forth. Photographs and 
published reports of Lilienthal's experiments 
fascinated the Wrights. He had effectively 


Glider pioneer Otto Lilienthal achieved control by shifting his weight. 
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An original Lilienthal Standard glider similar 
to the type in which its inventor lost his life. 
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demonstrated that air could support a man 
in winged flight. 

Ever since 1891 Lilienthal had been 
designing and constructing gliders with 
the hope that when a suitable means of 
propulsion was developed, it could be 
added to his wings. In 1896 he had built a 
glider with flapping wing tips powered by a 
small compressed carbonic acid gas motor. 
Unfortunately, before Lilienthal had an 
opportunity to test it, he was killed in one 
of his standard gliders when a sudden 
gust of wind forced the glider upward into 
a stall. The craft crashed to earth and 
broke the German aviation pioneer's back. 
He died the next day. One of Lilienthal's 
gliders can be seen at the entrance to 
the Flight Testing gallery on the first floor. 
Lilienthal's death made the Wrights even 
more eager to learn not only everything 
he had accomplished, but what progress 
others as well had made toward achieving 
human flight. Since little had been 
published about the subject they were 
unable to satisfy their curiosity. In 1899, 
aware of the aeronautical studies and 
experiments being conducted by Dr. 
Samuel P. Langley, the third Secretary 
of the Smithsonian Institution, Wilbur 
Wright wrote the Smithsonian: 


I have been interested in the problem of 
mechanical and human flight ever since as a 
boy 1 constructed a number of bats [Wilbur's 
name for helicopter models] of various 
sizes after the style of Cayley's and Pénaud's 
machines. My observatlons since have only 
convinced me more firmly that human flight is 
possible and practicable. lt is only a question 
of knowledge and skill just asin all acrobatic 
feats...] believe that simple flight at least is 
possible to man and that the experiments 
and Investigations of a large number of 
independent workers will result in the 
accumulation of information and knowledge 
and skill which will finally lead to 
accomplished flight. 

...I am about to begin a systematic study of the 
subject in preparation for practical work to 
which I expect to devote what time | can spare 
from my regular business. I am an enthusiast. 
but not a crank in the sense that 1 have some pet 
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theories as to the proper construction of a flying 
machine. I wish to avail myself of all that is 
already known and then if possible add my mite 
to help on the future worker who will attain final 
success. 
— Miracle at Kitty Hawk: The Letters of Wilbur 
and Orville Wright, ed. by Fred C. Kelly 


The Smithsonian responded by 
suggesting that the Wrights read Octave 
Chanute's Progress in Flying Machines, 
Professor Langley's Experiments in 
Aerodynamics, and the Aeronautical 
Annuals of 1895—97 containing reprints 
of accounts of experiments going back to 
Leonardo da Vinci. The Smithsonian 
also sent pamphlets containing material 
extracted from the Institution’s own reports 
including Mouillard's Empire of the Air, 
Langley's Story of Experiments in 
Mechanical Flight, and Lilienthal's paper 
on The Problem of Flying and Practical 
Experiments in Soaring. The Smithsonian's 
materials arrived in June, 1899. The Wrights 
read them eagerly and were surprised to 
learn how much time and money had already 
been spent attempting to solve the problem 
of human flight; they were perhaps even 
more astonished by the caliber of the men 
who had tried. 

"Contrary to our previous impression," 
Wilbur subsequently said, "we found that 
men of the very highest standing in the 
professions of science and invention had 
attempted the problem. Among them were 
such men as Leonardo da Vinci, the greatest 
universal genius the world has ever known; 
Sir George Cayley, one of the first men to 
suggest the idea of the explosion motor; 
Professor Langley, Secretary and head of the 
Smithsonian Institution; Dr. Bell, inventor 
of the telephone; Sir Hiram Maxim, inventor 
of the automatic gun; Mr. O. Chanute, the 
past president of the American Society of 
Civil Engineers; Mr. Chas. Parsons, the 
inventor of the steam turbine; Mr. Thomas 
A. Edison; Herr Lilienthal and a host of 
others..." 

They discovered that the period from 1889 
through 1897 had been one of exceptional 


competiton between such distinguished 
pioneer scientists and inventors as Langley, 
Lilienthal, Chanute, and Maxim, each 
hoping to become the first to accomplish 
successfully a manned, powered flight. 

One by one these men had been beaten and 
discontinued their efforts. Rather than 
being discouraged by their predecessors' 
failures, the Wrights plunged ahead and a 
mere three months after they had received 
the pamphlets from the Smithsonian they 
had constructed their first aircraft, a biplane 
kite with a five-foot wingspan and a fixed 
horizontal tailplane. This craft incorporated 
what Gibbs-Smith describes as "their first 
decisive discovery and first decisive 
invention": wing warping. 

"The Wrights had observed that gliding 
and soaring birds," Professor Gibbs-Smith 
writes, "evidenced especially by their local 
‘expert’ the buzzard ‘regain their lateral 
balance when partly overturned by a gust of 
wind, by a torsion of the tips of the wings. If 
the rear edge of the right wing is twisted 
upward and the left downward the bird... 
instantly begins to turn, a line from its head 
to its tail being the axis. It thus regains its 
level even if thrown on its beam's end, so to 
speak, as | have frequently seen them,'* and 
[the Wrights] decided to apply this bird 
practice to aeroplane wings. At first they 
thought of variable incidence wings but 
abandoned this idea for structural reasons; 
then they hit upon the idea of helicoidal 
twisting of the wings (‘warping’) after toying 
with a long cardboard box." 

In spite of the Wrights’ eagerness to fly, 
they were determined to proceed 
methodically. Before they would attempt any 
experiments with powered machines they 
intended to master controlled flight in 
gliders. Although with their first biplane kite 
the Wrights hoped to test their method of 
wing warping. they also constructed it in 
such a way that the wings could be shifted 
forward and backward in relation to one 


*Prof. Gibbs-Smith is quoting here from a letter 
written by Orville to Octave Chanute on May 13, 1900. 


another in order to control the center of 
pressure and the tailplane would then act 
automatically as an elevator. Once they 
determined that the wing warping worked. 
the Wrights decided to build their first full- 
size glider. Anyone attempting to attain 
sustained powered flight. the Wrights 
realized, was confronted with three 
problems: the first was the design and 
construction of a device capable of 
remaining with a man in the air; the second 
was finding how to control the device once it 
was up in the air; the third problem was that 
once one had a device that could remain with 
a man in the air and under control. one still 
had to provide a safe, practical propulsion 
system to keep him up there. They had Otto 
Lilienthal's research into the efficiency of 
various wing shapes to work with but, like 
Lilienthal, they knew that control could 
come only through practice. The Wrights’ 
first full-size glider was completed in 
September, 1900. The No. 1 Glider was a 
biplane weighing about 52 pounds, witha 
wingspan ofa little over 17 feet and a total 
lifting area of but 165 square feet. The 
Wrights had decided to place their horizontal 
elevator in front of the wing: there was no tail 
unit, and the wing-warping cables could be 
worked either by the operator or from the 
ground. An 18-inch-wide space at the center 
of the lower wing section was left uncovered 
so that the pilot could lie prone there with 
his feet extending over the rear spar. 

Aware that their first full-size glider was in 
essence a big kite and that a strong wind 
would be required to keep it aloft, the 
Wrights wrote the Weather Service in 
Washington to learn where suitable winds 
might be found. They were given several 
locations with strong winds in the far west, 
but the closest site to Dayton was to the east 
at a desolate, isolated spot along North 
Carolina’s coast: Kitty Hawk. 

After exchanging letters with Joseph J. 
Dosher at the Kitty Hawk weather station 
and William J. Tate, the former postmaster 
and reputed to be the best educated man in 
that area (Tate wrote Wilbur: “I would say 
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At Kitty Hawk. the Wrights’ No. 1 Glider (1900) 
was flown primarily as a kite. 


that you could find here nearly any type of 
ground you could wish: you could, for 
instance, get a stretch of sandy land one mile 
by five with a bare hill in center 80 feet high, 
not a tree or bush anywhere to break the 
evenness of the wind current. This in my 
opinion would be a fine place; our winds are 
always steady, generally from 10 to 20 miles 
velocity per hour. We have Telegraph 
communication and daily mails. Climate 
healthy. you could find a good place to pitch 
tents & get board in private family provided 
there were not too many in your party: would 
advise you to come any time from Sept 15 to 
Oct 15. Don't wait until November. The 
autumn generally gets a little rough by 
November. "), Wilbur and Orville decided 
Kitty Hawk would be the best spot. Wilbur 
Wright wrote to his father: 
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September 3, 1900 


I am intending to start ina few days fora trip to 
the coast of North Carolina...for the purpose of 
making some experiments with a flying 
machine. It is my belief that flight is possible 
and, whilelam taking up the investigation for 
pleasure rather than profit. Ithink there is a 
slight possibility of achieving fame and fortune 
from it. It is almost the only great problem which 
has not been pursued by a multitude of 
investigators, and therefore carried to a point 
where further progress is very difficult. Jam 
certain І can reach a point much in advance of 
any previous workers in this field even if 
complete success is not attained just at present. 
At any rate, I shall have an outing of several 
weeks and see a part of the world I have never 
before visited.... 


The Wright No. 1 Glider had two important 


basic control elements: the first wasa 


“horizontal rudder” (or elevator) placed 
about 30 inches in front of the leading edge 
of the lower wing. The Wrights believed that 
by placing the elevator in front rather than 
behind the wings they would provide 
themselves with a safer fore-and-aft balance 
control, especially should a sudden 
downdraft force the craft to drop. The second 
element was, of course. the wing warping. 
However, due to the small lifting area of the 
glider's wings, they had to fly it chiefly as 

a kite. 

The Wrights had been guided by 
Lilienthal's tables relating to air pressures on 
wing surfaces in their determination of the 
amount of wing area needed. According 
to these tables, the Wright glider with its 
small lifting area of but 165 square feet should 
have supported a man in winds of but 17 
to 21 miles per hour. The Wrights were 
disappointed to discover that much greater 
winds were necessary. They abandoned their 
plan to acquire hours of practice aboard 
their glider while flying it as a kite and were 
forced to fly it primarily unmanned. By the 
end of that season's experiments the Wrights 
had flown their No. 1 Glider manned just ten 
minutes as a kite. and had acquired only two 
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minutes of actual gliding time. Still, the 
Wrights were not discouraged: they had 
proved that their wing-warping method for 
achieving lateral control worked more 
successfully than any method previously 
attempted, and their front elevator had also 
provided the most successful means of 
vertical control. Before they left Kitty Hawk 
they had already decided to build a much 
larger glider, one capable of carrying a man 
in the sort of winds they had encountered at 
the beach. More determined than ever to fly, 
the Wrights nevertheless continued to 
proceed as deliberately, cautiously. and 
methodically as they had before. 

The Wrights' No. 2 Glider was brought to 
Kill Devil Hill, four miles south of Kitty 
Hawk, in July, 1901. (The Wrights never did 
use Kitty Hawk except for their tests with 
their No. 1 Glider, preferring instead the Kill 
Devil Hill site.) Glider No. 2 was alarger 
machine than anyone had attempted to fly 
before and too large to be controlled simply 
by an operator shifting his weight. Its 22- 
foot wingspan provided a lifting area of 290 
square feet. Since the glider had been 
designed to fly in winds of at least 17 mph 
and the winds on July 27th, the day the 


The Wright 1903 Flyer after an attempted flight on December 14, 1903. 
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Wrights were ready to test it, never reached 
more than 14 mph, they carried the glider to 
the top of Kill Devil Hill for its first trial. They 
made five or six brief “tuning-up” flights, 
then made a glide that lasted 19 seconds and 
covered 315 feet. Although several of their 
flights on the first day exceeded the best of 
those made in the No. 1 Glider the previous 
year, the Wrights realized that in some ways 
their new glider was not as good, and that in 
particular it could not glide at a slope nearly 
as level as the 1900 machine had achieved. 
The Wrights became suspicious of the 
accuracy of Lilienthal's (and others") 
calculations concerning the center of air 
pressure on curved surfaces. Wilbur noted in 
his diary: 


July 30, 1901 


The most discouraging features of our 

experiments so far are these: the lift is not much 
over one third that indicated by the Lilienthal 
tables. As we had expected to devote a major 
portion of our time to experimenting in an 18- 

mile wind without much motion of the machine, 

we find that our hopes of obtaining actual 

practice in the air are decreased to about one fifth of 
what we hoped, as now it is necessary to glide in 
order to get a sustaining speed. Five minutes 
practice in free flight is a good day's record. We 

have not yet reached so good an average as this even. 


After mentioning that the machine had 
suffered no injury after some forty landings 
and that they had obtained a "free flight of 
over 300 feet at an angle of 1 in 6," Wilbur 
noted: 


We have experimented safely with a machine of 
over 300 square feet surface [counting the 
elevator surfaces] in winds as high as 18 miles per 
hour. Previous experimenters had pronounced a 
machine of such size impracticable to construct 
and impossible to manage. It is true that we have 
found this machine less manageable than our 
smaller machine of last year, but we are not sure 
that the increased size is responsible for it. The 
trouble seems rather in the travel of the center of 
pressure. The lateral balance of the machine 
seems all that could be desired.... 


Although during the majority of their 
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flights the Wrights' method of wing warping 
to achieve lateral control worked properly, 
they discovered that at other unexplained 
and alarming moments the wing warping 
had no effect whatsoever; worse, the glider 
would suddenly spin around, side-slip, and 
crash. Obviously they had not yet achieved 
complete control of their equilibrium and the 
brothers wondered whether some sort of 
vertical fin placed to the rear of the wings 
might not help. The Wrights had proven with 
their No. 2 Glider that a large machine could 
be controlled as easily as a small one, 
provided that the means of control was the 
movement of the wing and elevator surfaces 
and not simply the shifting of the operator's 
body. The brothers had, they believed, 
broken all previous records for distance in 
their glider, but the absolute faith the 
Wrights had had in the scientific data 
compiled by their predecessors, Lilienthal 
especially, was badly shaken. It was 
becoming obvious that the center of pressure 
on a curved or cambered surface did not—as 
all the scientific books taught—travel in the 
same direction as it would on a plane 
surface, and that, in fact, the center of 
pressure appeared to reverse once a certain 
angle of attack was achieved. lf there were no 
accurate scientific data upon which the 
Wrights could count then the task they had 
set for themselves was even more formidable 
than they had believed. Wilbur was so 
discouraged that on their way back to 
Dayton he said, "Not within a thousand 
years will man ever fly." Orville, attempting to 
cheer Wilbur up, argued that the 
unreliability of their predecessors' work did 
not mean that flight was impossible, it 
meant only that more knowledge and effort 
were necessary. 

Throughout this early period the Wrights 
had corresponded with Octave Chanute, the 
author of Progress in Flying Machines, and 
had invited him to Kill Devil Hill to witness 
some of their glides. Chanute had been so 
impressed that he refused tolet the Wrights 
become disheartened. He was so 
encouraging, in fact, that it has been said 


that without Chanute's insistence the 
Wrights might have discontinued their 
experiments. In August, 1901, upon their 
return from North Carolina, Chanute invited 
Wilbur to address the Western Society of 
Engineers on the subject of his gliding 
experiments. Wilbur was nagged into 
accepting the invitation by his sister 
Katharine who thought it would give him a 
good opportunity to "get acquainted with 
some scientific men," as she wrote her 
father. “and it may do him some good. We 
don't hear anything but flying machine and 
engine from morning till night. 1'11 be glad 
when school begins so I can escape.” Octave 
Chanute wrote Wilbur: 


September 5, 1901 


The secretary of the Society, and the Publication 
committee are greatly pleased that you consent to 
giving the Western Society of Engineers a talk on 
the 18th [of September]. May they make it "Ladies 
night"? 


Wilbur wrote back: 


September 6, 1901 


I must caution you not to make my address a 
prominent feature of the program as you will 
understand that I make no pretense of being a 
public speaker. For a title, "Late Gliding 
Experiments" will do. As to the presence of ladies, 
itis not my province to dictate, moreover I will 
already be as badly scared as it is possible for 

man to be, so that the presence of ladies will make 
little difference to me, provided 1 am not expected 
to appear in full dress. 


Katharine Wright wrote her father: 


September 11, 1901 


The boys are still working in the machine shop. A 
week from today is "Ullam's" [Wilbur's] speech at 
Chicago. We asked him whether it was to be witty 
or scientific and he said he thought it would be 
pathetic...! 


— Miracle at Kitty Hawk: The Letters of Wilbur 
and Orville Wright, ed. by Fred C. Kelly 


In the first draft of his speech Wilbur 


unflinchingly stated that all the existing 
scientific tables regarding the effect of air 
pressure on airplane surfaces contained 
serious errors. But then he began to worry 
that it might be presumptuous of him to so 
publicly dispute the work of eminent 
scientists whose tables and data had 
acquired a credence simply by virtue of their 
having been published and accepted as fact 
for solong unless he could be absolutely 
certain he was right. Out of an old starch box 
Orville constructed a small wind tunnel and 
one day's tests were enough to show them 
that Wilbur's criticism could be supported by 
facts. Nevertheless the Wrights refrained 
from including Wilbur's strongest criticism 
of the available figures until further wind- 
tunnel tests provided more detailed support. 

Wilbur strongly questioned the accuracy of 
available figures when he finally did give his 
speech, but in the published text he omitted 
his most severe attacks. His speech did, 
however, reflect Wilbur's conviction that 
scientific experiment had to be coupled with 
practical experience and that risks were 
involved: 


The person who merely watches the flight of a 
bird gathers the impression that the bird has 
nothing to think of but the flapping of its wings. 
As a matter of fact this is a very small part of its 
mental labor. To even mention all the things the 
bird must constantly keep in mind in order to fly 
securely through the air would take a considerable 
part of the evening....The bird has learned|[his] art 
...so thoroughly that its skill is not apparent to our 
sight. We only learn to appreciate it when we try to 
imitate it. Now, there are two ways of learning to 
ride a fractious horse: one is to get on him and 
learn by actual practice how each motion and trick 
may be best met; theother is tosit on afence and 
watch the beast a while, and then retire to the 
house and at leisure figure out the best way of 
overcoming his jumps and kicks. The latter 
system 15 the safest; but the former, on the whole, 
turns out the larger proportion of good riders. It is 
very much the same in learning to ride a flying 
machine; if you are looking for perfect safety. you 
will do well to sit on a fence and watch the birds; 
but if you really wish tolearn, you must mount a 
machine and become acquainted with its tricks 
by actual trial. 
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The pilot lay prone in the Wright Fiyer (1903). 
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Although the Wrights were still not sure 
they could ever satisfactorily resolve the 


problems of manned, controlled. and powered 


flight and were hesitant to build another 
glider, their scientific curiosity, their 
passion for accuracy, compelled them to 
continue their study of the problems of air 
pressure. They constructed a larger, more 
sophisticated wind tunnel: a wooden box 16 
inches square inside and 6 feet long. The 
Wrights still did not have electricity and 
derived their wind from a fan driven by a 
one-cylinder gasoline engine they had 
previously made. During that autumn and 
early winter of 1901, a span of just over two 
months, the Wrights tested a little over two 
hundred different types of wing surfaces in 
their wind tunnel. They tried monoplane, 
biplane, and triplane configurations in 


addition to models with two wings placed on 


the same level, one behind the other, as 
Langley had done. The Wrights were forced 
to discontinue their tests a little before 
Christmas since they were, after all, 


.. Still in the bicycle business, still obliged to give 
thought to their means for earning a living, and 
with no idea that this scientific research could 
ever be financially profitable. In those few weeks. 
however, they had accomplished something of 
almost incalculable importance. They had not 
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The med No. 3 Glider (1902) being Ara at Kill Devil Hill 
with Orville piloting. 
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only made the first wind-tunnel in which 
miniature wings were accurately tested, but were 
the first men in all the world to compile tables of 
figures from which one might design an airplane 
that could fly. Even today, in wind-tunnels used 
in various aeronautical laboratories, equipped 
with the most elaborate and delicate instruments 
modern science can provide, the refinements 
obtained over the Wrights’ figures for the same 
shapes of surfaces are surprisingly small. But it is 
doubtful if the difficulties and full value of the 
Wrights' scientific researches within their bicycle 
shop are yet appreciated. The world knows they 
were the first to build a machine capable of 
sustained flight and the first actually to fly: but it 
is not fully aware of all the tedious, grueling 
scientific work they had to do before flight was 
possible. Important as was the system of control 
with which the Wrights' name has been 
connected, it would not have given them success 
without their wind-tunnel work which enabled 
them to design a machine that would lift itself. 


—The Wright Brothers, by Fred C. Kelly 


The Wrights finally decided they would 
have to test their newly acquired knowledge 
with a third glider at Kill Devil Hill. Their 
No. 3 Glider was ready for its first trial on 
September 29, 1902. Although the No. 3 
Glider's lifting area was not that much 
greater than that of No. 2 (305 square feet 
vs. 290 square feet) the wingspan had been 
increased from the 22 feet of No. 2 to the 32 


By replacing the No. 3 Glider's fixed vertical double tailfin with the 
single movable rear rudder shown here. the Wrights eliminated 


their problems with tail spins. 


feet of No. 3; this meant, of course, that 

the No. 3 Glider's wings were longer and 
narrower than those of No. 2. Wing- 
warping controls werelinked to the "cradle" 
in which the operator's hips rested and to 
warp the wings the pilot simply shifted his 
hips from side to side. The most visible 
change was the addition of a tail consisting 
of two fixed vertical fins. The Wrights hoped 
that the tail, containing just less than a 12- 
square-foot total area, would counter-effect 
the problems they had experienced with the 
No. 2. Then, when the glider had been 
banked. the wing presenting the greater 
angle to the wind (and, therefore, the most 
resistance) had begun to slow in relation to 
the other wing and the machine would 

spin in. 

The first trials with the No. 3 Glider were 
encouraging. The Wrights, that September 
and October of 1902, made over a thousand 
glides—the longest was 622% feet, and 
the greatest duration was 22% seconds— 
and a number of them were made against a 
36 mile per hour wind, stiffer than any 
previous glider experimenter had 
attempted. Still, about once in every fifty 
glides the machine would behave in a 
puzzling manner: in spite of all the warp the 


pilot could give to the wing tips the machine 
would turn up sideways in a bank and slip 
down to the ground. And yet at the next 
trial, under seemingly identical conditions, 
nothing would happen. The Wrights would 
again begin to relax but then, suddenly, the 
same mysterious behavior would occur, one 
wing would dip down, dig into the sand, the 
glider would spin in with what the brothers 
began to refer to as a “well-digging” 
movement. Nothing like this had occurred 
with their previous gliders and so the 
brothers deduced that whatever was 
happening was being caused by the 
addition of the tail. (Unknown to the 
Wrights, they had also achieved the dubious 
distinction of inventing the "tail-spin.”) But 
even though the Wrights knew that the 
problem was caused by the tail, they had no 
idea why it was happening. And then one 
night Orville had had too many cups of 
coffee to sleep well and he lay awake tossing 
about and figured out the problem: 


He was so sure he was right and that it was a 
basic discovery, as indeed it was, that he wanted 
credit for it. Sometimes when he told Wilbur 
something. Wilbur would act as if he already 
knew it. So at breakfast the next morning he 
[Orville] winked at his brother Lorin, who was 
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visiting them, to get his attention as a witness, 
and then asked Wilbur if he could explain the 
machine's peculiar behavior that had puzzled 
them. Wilbur shook his head. 

Orville then gave this explanation: When the 
machine became tilted laterally it began to slide 
sidewise while advancing, just as a sled slides 
downhill or a ball rolls down an inclined plane, 
the speed increasing in an accelerated ratio. If 
the tilt happened to be a little worse than usual, 
orif the operator were a little slow in getting the 
balance corrected, the machine slid sidewise so 
fast that this movement caused the vertical 
vanes [the tail fins] to strike the wind on the side 
toward the low wing instead of on the side 
toward the high wing, as it was expected to do. 
In this state of affairs the vertical vanes did not 
counteract the turning of the machine about a 
vertical axis, caused by the difference of 
resistance of the warped wings on the right and 
left sides; on the contrary, the vanes assisted in 
the turning movement, and the result was worse 
than if there were no fixed vertical tail. 

lf his explanation was sound, as Orville felt 
sure it was, then, he said, it would be necessary 
to make the vertical tail movable to permit the 
operator to bring pressure to bear on the side 
toward the higher wing. 

—Miracle at Kitty Hawk 


Wilbur realized that Orville's explanation 
was probably correct and immediately 
suggested that the mechanism controlling 
the wing warping and the mechanism 
which would move the tail should both work 
in conjunction; that way the pilot would 
only have to operate the front elevator and 
the wing-warping controls instead of a third 
control device for the tail. When the Wrights 
returned to work on the No. 3 Glider they 
attached the wires controlling the rudder to 
those warping the wings; further, they 
changed the two vertical surfaces on the 
rudder to one single vertical fin. 

The Wrights had now solved most of the 
problems of securing stability and control in 
flight. With the movable tail the Wrights had 
created a practical glider so efficient it broke 
all existing records: it was the largest 
machine (32 foot 1 inch wingspan), capable 
of the longest time in the air (26 seconds) 
and covering the greatest distance (622% 


42 


feet) with the smallest angle of descent (5 
degrees)—an angle less than could be 
attained by any of the hawks they had so 
carefully observed—and it had been flown in 
higher winds than anyone had hitherto 
attempted (36 mph). The 1902 flights, 
Orville subsequently wrote, "demonstrated 
the efficiency of our system of control for 
both longitudinal and lateral stability. They 
also demonstrated that our tables of air 
pressure which we made in our wind tunnel 
would enable us to calculate in advance the 
performance of a machine.” 

Because of the triumphant success of 
their No. 3 Glider, the Wrights applied for a 
patent in March, 1903. (The patent, granted 
in 1906, covered the principle of increasing 
the angle of incidence at one wing tip with 
the simultaneous decreasing of the angle of 
incidence of the other, the practical 
technique of wing warping, and the 
simultaneous use of warping and rudder to 
effect proper lateral control.) The Wrights 
were also convinced they could now build a 
successful powered aircraft. 

There were two monumental obstacles the 
Wrights still had to overcome: they had to 
acquire a suitable engine, one capable of 
producing at least 8 horsepower that would 
weigh no more than 200 pounds: and 
second, they would need propellers. It is 
important to note that the Wrights never 
considered simply installing a motor on one 
of their gliders; rather they designed an 
entirely new machine incorporating the 
proven successful features of their gliders. It 
should also be understood that the Wrights 
deliberately designed their machines to be 
unstable. Their experience with the No. 3 
Glider had shown them the importance of 
having their machines respond immediately 
and sensitively to the pilot’s controls. 

In an attempt to surmount the first 
obstacle the Wrights, in December, 1902, 
wrote to a number of automobile companies 
and gasoline-engine manufacturers asking 
whether they had a motor that fulfilled their 
requirements. None did—or if they did, they 


were hesitant to provide one for anything so 
lunatic as powering a "flying machine"—and 
so Wilbur and Orville, with the help of Charles 
Taylor. their bicycle assistant, simply designed 
and built one themselves. An even more 
formidable task was designing the propellers. 
The Wrights had not anticipated the 
almost total lack of scientific knowledge 
about the workings and design of propellers 
that existed; after all, the screw propeller 
had been in use on ships for nearly a 
century. The Wrights knew that it was easy 
for a marine propeller to obtain at least a 50 
percent efficiency, and they believed they 
would need only to study books on marine 
engineering to understand and learn the 
theory behind the operation of ship's 
propellers.then substitute the action of air 
pressure for water pressure and they would 
have it. When they finished their reading 
they realized that all the formulas on the 
action of propellers in water had been 
arrived at through trial and error rather 
than through any scientific theory. When 
marine engineers discovered that a 
particular propeller would not move a 
particular boat fast enough through the 
water they would substitute a propeller of a 
different size or different pitch until they 
arrived at a satisfactory solution. And yet 
they could neither design a propeller on 
paper, nor anticipate its performance in the 
water. Rough estimates might do for a 
motorboat since a propeller operating at less 
than the desired efficiency would still move 
the boat forward a little. But unless a 
propeller on a flying machine provided the 
necessary thrust, the machine would not fly. 
The Wrights realized that a propeller was: 


...simply an airfoil traveling in a spiral course. 
As they could calculate the effect of an airfoil 
traveling in a straight course, why should they 
not be able to calculate the effect in a spiral 
course? At first thought that did not seem too 
difficult, but they soon found that they had let 
themselves into a tough job. Since nothing 
about a propeller, or the medium iu which it 
acts. would be standing still, it was not easy to 


find even a point from which to make a start. 
The more they studied it, the more complex the 
problem became. "The thrust depends upon the 
speed and the angle at which the blade strikes 
the air; the angle at which the blade strikes the 
air depends upon the speed at which the 
propeller is turning, the speed the machine is 
traveling forward, and the speed at which the air 
is slipping backward: the slip of the air 
backward depends upon the thrust exerted by 
the propeller. and the amount of air acted upon." 
It was not exactly as simple as some of the 
problems in the school arithmetic—to determine 
how many sheep a man had or how many leaps a 
hound must make to overtake a hare. 

—The Wright Brothers, by Fred C. Kelly 


Wilbur and Orville argued between 
themselves throughout their attempts to 
work out a theory to explain the action of 
screw propellers, and it was precisely this 
habit of arguing technical points that made 
it possible for them to accomplish so much 
in so short a time. Neither of them would 
automatically defer to the other. But in their 
arguments about propellers they were 
dealing with so many unknowns that, as 
Orville later reported, "Often after an hour 
or so of heated argument, we would discover 
that we were as far from agreement as when 
we started, but that each had changed to 
the other's original position." 

It took months for the Wrights to reduce 
their theories into formulas, to learn 
enough about how propellers did work to be 
able to calculate how specific designs would 
work. Wilbur wrote Octave Chanute: 


July 18. 1903 


The papers on screws |propellers], by various 
writers, do not seem to me of very much value. 
The chapter in the French book by André which 
is devoted to screws seems about as good as 
anything, but the final conclusion is that very 
little is known of the action of screws in motion 
forward. The action of screws not moving 
forward presents a very different case, and 
experiments based on such conditions are not 
applicable to the conditions met in practical 
flying...We think we have a method of figuring a 
screw in action but of course it is all mere theory 
as yet. We will know more about its correctness 
when we have had a chance to try it. 
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The 1896 Langley Aerodrome #5—the first 
American powered, heavier-than-air machine 
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Not until late September were the Wrights 
prepared to leave for the North Carolina 
coast. Their previous year's camp at Kill 
Devil Hill had been blown off its foundations 
by a storm; they repaired the damage and 
built a second shed to house both the No. 3 
Glider (1902) and the new powered machine 
with which they confidently expected to fly. 
Just as the new shed was nearing 
completion, a storm came up. Winds of 40 
mph increased during the night until by the 
next day gusts of 75 mph were blowing 
through the camp. Orville was forced to 
climb onto the roof to make repairs and 
while he was there the gale was so strong 
that it whipped his coattails over his head, 
pinning his arms so that he couldn't move. 
Wilbur hurried up onto the roof and freed 
him, but the wind remained too strong for 
either of them to pound in the nails 
accurately. 

During this time, Samuel Pierpont 
Langley. the distinguished Secretary of the 
Smithsonian Institution, was preparing to 
launch his “aerodrome” from a houseboat 
on Washington's Potomac River. Langley's 
"aerodrome" was a gasoline-engine-powered 
aircraft with two main wings with a span of 
48 feet 5 inches placed in tandem, one behind 
the other, with a stabilizer and tail behind. 
Seven years earlier, on May 6, 1896, Langley 
had achieved the distinction of launching 
the first American heavier-than-air flying 
machine capable of making a free flight of 
any significant length. The machine, 
Langley's Aerodrome £5, was a model, 
unmanned of course, and it flew about 
3,000 feet at about 25 mph. It was made of 
steel and aluminum with wings of wood 
covered by silk; its wingspan was 13 feet 8 
inches, it was 13 feet 2 inches long, it 
weighed 25 pounds and was powered by a 
1 horsepower steam engine. In November, 
1896, another steam-powered model, 
Langley's Aerodrome £6, made a similar 
flight. Prior to attempting to build a 
machine capable of carrying a man, Langley 
had constructed a %4 - scale model of the 
"aerodrome" he planned. This model, too, 


46 


October 7, 1903: Samuel P. Langley with 
optimistic pilot Charles M. Manly. 


flew successfully. On October 7, 1903, 

with his gifted assistant Charles M. Manly 
at the controls (and with a compass 
optimistically sewn onto the knee of Manly's 
trousers), Langley prepared for what with 
reasonable confidence he believed would be 
the first man-carrying powered heavier- 
than-air flying machine's flight in history. 
At noon that day the 53 - horsepower, 
gasoline-powered five-cylinder radial engine 
was started and the twin propellers flung 
back the air. Langley's tandem-winged 
"aerodrome" shuddered upon its catapult 
atop the Potomac River houseboat like a 
beast straining to be free and then, 
according to the Washington Post reporter 
sent to cover the flight, this is what 
happened: 


... A few yards from the houseboat were the boats 
of the reporters, who for three months had been 
stationed at Widewater [waiting for the flight to 
be attempted]. The newspapermen waved their 


hands. Manly looked down and smiled. Then his 
face hardened as he braced himself for the flight, 
which might have in store for him fame or death. 
The propeller wheels, a foot from his head, 
whirred around him one thousand times to the 
minute. A man forward fired two sky rockets. 
There came an answering ‘toot, toot,’ from the 
tugs. A mechanic stooped, cut the cable holding 
the catapult; there was a roaring. grinding 
noise—and the Langley airship tumbled over the 
edge of the houseboat and disappeared in the 
river, sixteen feet below. It simply slid into the 
water like a handful of mortar... 

— Washington Post, Oct. 8, 1903 


On October 16, Wilbur wrote Octave 
Chanute: 


We are expecting the most interesting results of When Langleys aerodrome was catapult- launched 
any of our seasons of experiments. and are sure 
that, barring exasperating little accidents or 
some mishap, we will have done something 
before we break camp. 

I see that Langley has had his fling, and failed. 
lt seems to be our turn to throw now, and 
wonder what our luck will be. 

—Miracle at Kitty Hawk 
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And Orville wrote his sister, Katharine, , 5l үч; 
shortly thereafter: 


November 1, 1903 


1 suppose you have read in the papers the 
account of the failure of Langley's big machine. 
He started from a point 60 feet in the air and 
landed 300 feet away. which is a drop of i foot for 
every 5 forward. We are able, from this same 
height, to make from 400 to 600 feet without any 
motor at all, so that ] think his surfaces must be 
very inefficient. They found they had no control 
ofthe machine whatever, though the wind blew 
but 5 miles an hour at the time of the test. That 
is the point where we have a great advantage. We 
have been in the air hundreds and hundreds of 
times, and have pretty well worked out the 
problem of control. We find it much more 
difficult to manage the machine when trying to 
soar in one spot than when traveling rapidly 
forward. We expect no trouble from our big 
machine at all in this respect. Of course we are 
going to thoroughly test the control of it on the 
hills before attaching the motor. We are highly 
pleased with our progress so far this уеаг....1 
have been putting in about an hour every night 
down here in studying German and am getting 
along pretty well. "simply slid into the water like a handful of mortar..." 
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Edward Wilbur. NC-4. 1976. Oil on canvas, 60 x 40". Gift of Stuart M. Speiser 


On December 8th, Langley prepared for 
another attempt. His "aerodrome" had been 
pulled out of the Potomac River and 
repaired. Convinced that his previous 
failure had been due to some part of his 
machine's structure becoming fouled 
in the catapult rather than there being any 
problem with the design of his craft itself. 
he ignored the catcalls and criticism of the 
press and prepared to catapult-launch his 
"aerodrome" again. There exists a 
photograph of the result: the “aerodrome” 
with pilot Manly sitting stoic and erect in 
the cockpit has just been launched. The 
nose of the aircraft is pointing straight up: 
everything aft of Manly and the spinning 
propellers is falling apart. The forward set of 
tandem wings appears reasonably solid still. 
but the second set has crumpled upward 
like hands clasping in prayer. One can make 
out broken spars, tearing canvas, bits of 
debris dropping into the water; the edge of 
the houseboat remains in view. Manly, 
unhurt. was once again pulled dripping out 
of the river; Langley’s spirit, however, was 
crushed by the resulting brutal attacks of 
the press and by what one writer has 
referred to as “the curious sadism with 
which crowds had greeted aeronautical 
failures since the days of the Montgolfiers.” 

During this period the Wrights were still 
patiently and methodically trying to resolve 


problems they were having with their 
propeller shafts and chain sprockets. By 
Saturday afternoon, December 13th, five 
days after Langley's failure, the machine was 
ready but the wind was too light for them to 
be able to take off from their track on level 
ground and it was too late in the day for 
them to carry the machine to one of the 
nearby hills where the launching track could 
be placed on an incline steep enough for the 
craft to attain airspeed. The next day, of 
course, was Sunday and in deference to their 
father the Wrights would not attempt a 
flight. But on Monday, December 14th, the 
Wrights prepared to fly. 

Like Langley's machine the Wrights' 
“Flyer” (the name they gave all their powered 
machines) had twin propellers. The 
propellers' counter-rotation, the Wrights 
hoped, would neutralize any gyroscopic 
torque; in addition, two propellers would 
react against a greater quantity of air. Like 
their earlier gliders, the first Wright Flyer was 
a biplane with a skid undercarriage: but it 
was a considerably larger machine: its 
wingspan had been increased to 40 feet 4 
inches with a wing area of 510 square feet. 
The Wrights had redesigned the elevator so 
that they had a "biplane" elevator in front, 
and the vertical surfaces of the rudder in 
the rear were controlled through cables 
linked to the operator's hip cradle. 

The Wrights did not use any weights or 
derrick device to launch; instead. the craft's 
undercarriage skids rested on a 6-foot-long 
plank which, in turn, was laid across a 
smaller piece of wood to which had been 
attached two modified bicycle wheel hubs 
one in front of the other. These two hubs had 
ball bearings and flanges to prevent them 
from slipping off the 60-foot-long launching 
track. The track was nothing more than a 
series of two-by-four boards laid on their 
edges end to end with their upper surface 
covered by a thin sheet of metal. 

On Monday, the wind was again too light to 
launch from level ground and the Wrights knew 
they would have to transport their Flyer to 
some lower slopes about a quarter-mile away. 


December 8, 1903: Langley's second 
unsuccessful launch. 


The Wrights had invited anyone in the 
area to come to witness their first attempts 
at flight, but because it was difficult for the 
brothers to communicate in advance the 
exact time of the test they had arranged to 
put out a signal on one of the sheds that 
could be seen from the Kill Devil Life-Saving 
Station a little more than a mile away. 
Shortly after the Wrights had set out the 
signal, they were joined by John T. Daniels, 
Robert Westcott, Thomas Beacham, W.S. 
Dough, and an “Uncle Benny” O'Neill. All of 
them helped the Wrights carry the Flyer to 
the hill. 

Since obviously both Orville and Wilbur 
were eager to make the first flight (and since 
they were both equally experienced pilots by 
now), they decided a coin toss would 
determine which of them would go. Wilbur 
won. 

The Flyer's engine was started and 
permitted to warm up. Then Wilbur climbed 
onto the machine, and settled himself into 
the prone position with his hips in the 
"cradle" to control the rudder and warp. 
Orville took up his position at a wing tip to 
help balance the machine as it gathered 
speed down the track. Wilbur glanced at 
Orville, nodded that he was ready, then he 
slipped the restraining wire, and the Wright 
Flyer took off down the rail so fast Orville 
couldn't keep up. 

Wilbur wrote his family that night: 


We gave machine first trial today with only 
partial success. The wind was only about 5 miles 
an hour, so we anticipated difficulty in getting 
speed enough on our short track (60 ft.)to lift. We 
took to the hill and after tossing for first whack, 
which 1 won. got ready for the start. The wind 
was a little to one side, and the track was not 
exactly straight down hill, which caused the start 
to be more difficult than it would otherwise have 
been. However, the real trouble was an error in 
judgment in turning up too suddenly after 
leaving the track, and as the machine had barely 
speed enough for support already, this slowed it 
down so much that before I could correct the 
error, the machine began to come down, though 
turned up at a big angle. 

Toward the end it began to speed up again but 
it was too late and it struck the ground while 
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moving a little to one side, due to wind and a 
rather bad start. A few sticks In the front rudder 
were broken, which will take a day or two to 
repair probably. lt was a nice easy landing for the 
operator. The machinery all worked in entirely 
satisfactory manner, and seems reliable. The 
power is ample, and but for a trifling error due to 
lack of experience with this machine and this 
method of starting, the machine would 
undoubtedly have flown beautifully. 

There is now no question of final success. The 
strength of the machine is all right, the trouble in 
the front rudder being easily remedied. We anticipate 
no further trouble in landings. Will probably have 
made another trial before you receive this unless 
weather is unfavorable. 


It took almost two days to repair the 
damage to the Flyer’s rudder, and the 
machine was not ready until too late in the 
afternoon of December 16 to fly. A strong, 
cold northerly wind blew in overnight and by 
the next morning puddles of water about 
their camp were covered with a thin skim of 
ice. The wind continued at about 25 mph 
during the early morning, and the Wrights 
retired indoors to wait for the wind to die 
down and for themselves to warm up. But 
when, at ten o'clock, the wind had still not 
diminished, the Wrights made up their 
minds to take the machine out anyway and 
attempt a flight. They hung out the signal for 
the men to see from the Life-Saving Station, 
then laid out the track. They thought that if 
they set the Flyer so that it would take off 
into the strong wind they would be able to 
achieve the launch from the level ground 
about the camp. Although they were aware of 
the risk in flying in so strong a wind, they 
believed that the potential for danger would 
be compensated for by the slower speed in 
landing. The track was on a smooth, level 
piece of ground about 100 feet west of the 
new shed. Because it was so cold, they had to 
duck into their camp building frequently to 
warm themselves by the stove. Just before 
they were ready. John T. Daniels, W.S. 
Dough, A.D. Etheridge, W.C. Brinkley, and 
Johnny Moore arrived. Because Wilbur had 
won the first toss, it was now Orville's turn to 
attempt the flight. Before climbing onto the 


Flyer, Orville set his camera on a tripod and 
aimed its lens at a specific point about two- 
thirds down the 60-foot track, the spot being 
where Orville fully expected the machine to 
have become airborne. He asked J.T. Daniels 
of the Life-Saving Station to be the 
photographer. “When! turn the wings to a 


*The photograph later developed in Dayton turned out 


flying angle,” Orville told him, “ГЇЇ leave the 
track and should be about two feet off the 
ground when directly in front of the camera. 
That's the time to press the button.” And 
then, satisfied that Daniels understood him, 
Orville joined Wilbur and they started the 
Flyer's engine. Let Orville's diary tell the story: 


precisely balanced just as Orville had expected and is, in its 
own way. as perfect an example of the Wrights' careful and 


methodical preparation having led to success as the flight 
itself. In the photograph one can see the elevator straining 
upward, the Flyer piloted by Orville skimming about two 
feet above the track and Wilbur, no longer needing to 
balance the wing tip. falling away from their machine with 
a mixture of wonder and awe at the triumph they had 


achieved. 
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Thursday, December 17, 1903 


After running the engine and propellers a few 
minutes to get them in working order, I got on 
the machine at 10:35 for the first trial. The wind 
according to our anemometer at this time was 
blowing a little over 20 miles (corrected) 27 miles 
according to the Government anemometer at 
Kitty Hawk. On slipping the rope the machine 
started off increasing in speed to probably 7 or 8 
miles. The machine lifted from the track just as 
it was entering on the fourth rail. Mr. Daniels took 
a picture just as it left the tracks. 

I found the control of the front rudder 
[elevator] quite difficult on account of its being 
balanced too near the center and thus had a 
tendency to turn itself when started so that the 
rudder was turned too far on one side and then 
too far on the other. As a result the machine 
would rise suddenly to about 10 feet and then as 
suddenly. on turning the rudder, dart for the 
ground. A sudden dart when out about 100 feet 
from the end of the track ended the flight. Time 
about 12 seconds (not known exactly as watch 
was not promptly stopped). The flight lever for 
throwing off the engine was broken, and the skid 
under the rudder cracked. 


It is not surprising that whoever was 
holding the stopwatch failed to promptly 
mark the time—he was witnessing the first 
time in history that a man-carrying machine 
had lifted itself into the air under its own 
power, had sailed forward without slowing, 
and had landed on ground as high as that 
from which it had taken off. 

With the help of the men from the Life- 
Saving Station the Wrights carried their 
flying machine back to the launching track. 

Orville's diary continues: 


After repairs, at 20 minutes after 11 o'clock Will 
made the second trial. The course was about like 
mine, up and down but a little longer...over the 
ground though about the same in time. Distance 
not measured but about 175 feet. Wind speed not 
quite so strong. 

With the aid of the station men present, we 
picked the machine up and carried it back to the 
starting ways. At about 20 minutes till 12 o'clock 
1 made the third trial. When out about the same 
distance as Will's, 1 met with a strong gust from 
the left which raised the left wing and sidled the 
machine off to the right in a lively manner. 1 
immediately turned the rudder to bring the 
machine down and then worked the end control. 
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Much to our surprise.on reaching the ground 
the left wing struck first, showing the lateral 
control of this machine much more effective 
than on any of our former ones. At the time of 
its sidling it had raised to a height of probably 
12 to 14 feet. 

At just 12 o'clock Will started on the 
fourth and last trip. The machine started off 
with its ups and downs as it had before. but by 
the time he had gone three or four hundred 
feet he had it under much better control, and 
was traveling on a fairly even course. lt 
proceeded in this manner till it reached a 
small hummock out about 800 feet from the 
starting ways, when it began its pitching 
again and suddenly darted into the ground. 
The front rudder frame was badly broken up, 
but the main frame suffered none at all. The 
distance over the ground was 852 feet in 59 
seconds .... 

After removing the front rudder, we carried 
the machine back to camp. We set the 
machine down a few feet west of the building, 
and while standing about discussing the last 
flight, a sudden gust of wind struck the 
machine and started to turn it over. All rushed 
tostop it. Will, who was near the end, ran to 
the front, but toolate to do any good. Mr. 
Daniels and myself seized spars at the rear, 
but to no purpose. The machine gradually 
turned over on us. 

Mr. Daniels, having had no experience in 
handling a machine of this kind, hung on to it 
from the inside, and as a result was knocked 
down and turned over and over with it as it 
went. His escape was miraculous, as he was in 
with the engine and chains. The engine legs 
were all broken off, the chain guides badly 
bent, a number of uprights, and nearly all the 
rear ends of the ribs were broken. One spar 
only was broken.... 


All possibility of further flights with the 
machine for that year had ended. 

Curiously, despite the historic significance 
of what the brothers had accomplished, 
there does not appear to have been any sense 
of excitement at their camp that day, least of 
all shown by Wilbur and Orville themselves. 
Perhaps it was because they had done 
nothing more than they had set out to do, 
and were not in the slightest surprised. As 
for the other men, perhaps they did not fully 
understand the importance of the event they 
had witnessed, and perhaps there was 
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something about Wilbur and Orville Wright 
that dampened enthusiastic responses. 
Certainly their "flying costume” was not the 
sort to encourage flamboyant celebration. 
They had arrived at their Kill Devil Hill camp 
with a supply of stiff, white collars, enough 
to last their stay, and each of them was 
wearing a stiff collar, necktie, and business 
suit when they made their flights. The 
Wrights dressed as did the average 
businessman of their day and for them to 
have worn any special "flying clothes” would 
have been out of character. (No one had ever 
seen them wear a sweater or a flannel shirt 
even in their bicycle shop in Dayton, where 
they were considered so well-dressed that 
they were thought to be rich.) 

After surveying the damage done to their 
Flyer, Orville and Wilbur went into their 
camp building, prepared and ate their lunch, 
and then after washing their dishes and 
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Orville (left) and Wilbur Wright in their flying clothes. 


putting them away. they walked the four or 
so miles to the Kitty Hawk Weather Station. 
where they could send a telegram to their 
father. Since so few persons had occasion to 
send telegrams in this near-desolate section 
of North Carolina, people were permitted to 
use the weather station's government wire to 
connect with Norfolk, where the message 
would be relayed to one of the telegraph 
companies. While Wilbur was examining the 
machine that recorded the wind velocity, 
Orville sent the following message: SUCCESS 
FOUR FLIGHTS THURSDAY MORNING ALL AGAINST 
TWENTY-ONE MILE WIND STARTED FROM LEVEL 
WITH ENGINE POWER ALONE AVERAGE SPEED 
THROUGH AIR THIRTY-ONE MILES LONGEST 59 
SECONDS INFORM PRESS HOME CHRISTMAS. 
ORVILLE WRIGHT. After passing the message to 
Joseph J. Dosher, the weather bureau 
operator, Orville walked over to where Wilbur 
was still looking at the wind-velocity 
recorder. Almost immediately Dosher got the 
Norfolk operator on the line and after giving 
him the telegraph message, Dosher turned 
to the Wrights and said, "The operator in 
Norfolk wants to know if it's all right to give 
the news to a reporter friend." The Wrights 
refused permission; they wanted the news to 
be released first from Dayton. Dosher told 
the Norfolk operator of the Wrights' decision, 
but the operator told his friend, H.P. Moore 
of the Norfolk Virginian-Pilot. anyway. Moore 
attempted to get confirmation and more 
details about the flights, but was unable to 
speak to anyone who had witnessed them. 
Undeterred, he wrote a story that appeared 
the next day under a banner headline, 
"Flying Machine Soars 3 Miles in Teeth of 
High Wind Over Sand Hills and Waves at 
Kitty Hawk on Carolina Coast" and the 
subhead: "No Balloon Attached to Aid It." 

When years later reporter Moore met 
Orville Wright and asked him what he had 
thought of the story, Orville replied, "It was 
an amazing piece of work. Though ninety- 
nine percent wrong, it did contain one fact 
that was correct. There had been a flight." 

There had been a flight. 

The Alaskan frontier had been settled; the 
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Spirit of St. Louis above the Apollo 11 command module. 
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The nose of the Spirit of St. Louis 
wears the flags of the United States, 
France, Belgium, England, Mexico 
and other Latin American countries, 
and the islands of the West Indies 
that Lindbergh and his Ryan aircraft 
visited. 


Russian Social Democratic Party had split 
into the Mensheviks and the Bolsheviks led 
by Lenin and Trotsky; in London the 
“Entente Cordiale" had been established; 
Henry James had published The 
Ambassadors, George Bernard Shaw Man 
and Superman, and Jack London The Call 
of the Wild; Whistler and Gauguin had died; 
The Great Train Robbery was shown in 
theaters; Marie Curie was awarded the Nobel 
Prize in physics for her discovery of radium; 


Richard Steiff designed the first "Teddy bear." 


named after President Roosevelt; France had 
held its first Tour de France bicycle race; 
Henry Ford with capital of $100,000 
founded the Ford Motor Company; and the 
first coast-to-coast crossing of the American 
continent by an automobile had taken 65 
days. 

There had been a flight. 

And the world would never be the same. 

Stand in the center of the vast Milestones 
of Flight gallery and look again at that 
fragile, austere, antique Wright Flyer 
skimming overhead, then look down at the 
sweep second hand on your wristwatch and 
count off twelve seconds—twelve engine- 
popping. chain-rattling seconds of uneven 
darting flight and that is all the time Wilbur 
and Orville Wright needed to change the 
destinies of man. Look up again at the Flyer 
and pay your respects, but then shift your 
gaze to the small, silver, high-winged 
monoplane above the Wright brothers' plane 
and to its right. It is the Spirit of St. Louis 
and on May 20-21, 1927, for 33 hours, 30 
minutes, and 29.8 seconds it made the most 
famous flight in the world. 

On May 22, 1919, Raymond Orteig, a New 
York hotel owner, offered a $25,000 prize "to 
the first aviator who shall cross the Atlantic 
in a land or water aircraft (heavier-than-air) 
from Paris or the shores of France to New 
York, or from New York to Paris or the shores 
of France, without stop." For the next seven 
years the prize went unclaimed because 
there simply did not exist an aircraft engine 
reliable enough to permit a flight of that 
duration and distance. But then came the 


The young Lindbergh in front of the Spirit of 
St. Louis’ dependable Wright Whirlwind 220- 
hp engine. 


220-horsepower, aircooled Wright Whirlwind 
engine designed by Charles L. Lawrance for 
the Wright Aeronautical Company. On May 
9, 1926, a Fokker tri-motor equipped with 
three of these new Wright engines and 
commanded by Richard E. Byrd and piloted 
by Floyd Bennett became the first aircraft to 
fly over the North Pole. The flight lasted 
sixteen hours. 

It was an era of record-breaking attempts. 
In 1913 the London Daily Mail had offered 
£10,000 for the first non-stop flight between 
the British Isles and the New World. In May, 
I9I9, one of the United States Navy's new 
Curtiss flying boats, the NC-4, had 
successfully flown from Newfoundland via 
the Azores and Portugal to England. One 
month later, on June 14, 19I9, Captain John 
Alcock and Lieutenant Arthur Whitten 
Brown had flown a remodeled twin-engine 
Vickers Vimy bomber from Newfoundland 16 
hours and 27 minutes across the Atlantic 
through appalling weather and had survived 
a crash the next morning in an Irish bog, 
thus winning the Daily Mails prize. A 
similar plane had won Captain Ross Smith 
the £10,000 prize offered by the Australian 
government to any Australian pilot capable 
of flying the 11,000 miles between London 
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The "NYP" below the "Ryan" painted on the 
Spirit of St. Louis’ tail stood for New York-to- Paris. 


and Australia in a British-built plane within 
30 days. Smith and his crew made the 
journey in 27 days and 20 hours, with but 
52 hours to spare. 

In the Pioneers of Flight gallery of the 
Museum thcre stands the huge single- 
engine Fokker T-2, the machine in which on 
May 2-3, 1923, Lieutenants John Macready 
and Oakley Kelly made the first successful 
non-stop flight across the United States. 
Nearitis the Chícago, one of the two 
Douglas World Cruisers to have completed 
the first round-the-world flight that took 
them 26,000 miles and over five months 
from April 6 to September 28, 1924. Speed, 
endurance and distance records were being 
smashed left and right, but no one had been 
able to make the 3,300 mile non-stop 
Paris -New York flight required to win the 
Orteig Prize. 
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Charles A. Lindbergh was twenty-four 
years old and flying the mail in an old DH-4 
to Chicago one night when suddenly it 
occurred to him to try. He had more than 
four years of aviation behind him, close to 
two thousand hours in the air, he had 
barnstormed over half the then-48 states, 
had flown the mail through the worst of 
weather, had learned the basics of 
navigation as a flying cadet at Brooks and 
Kelly fields. As Lindbergh sat in the open 
cockpit of that mailplane, considering this 
vision "born," he later wrote "of a night and 
altitude and moonlight" of crossing the 
Atlantic, he was a little overwhelmed by the 
magnitude of the undertaking he was 
contemplating. He had the flying experience, 
but not the money. So with $2,000 of his 
own savings he approached a group of St. 
Louis businessmen and managed to 


convince them that a flight was possible, 
and they agreed to raise an additional 
$13,000 toward the purchase of a monoplane 
equipped with one of the new Wright 
engines. Although they questioned the safety 
of attempting the flight in a single-engine 
plane, Lindbergh convinced them that the 
more engines a plane had, the more chance 
there was of engine failure. In addition, he 
argued, the more engines the more 
expensive the plane. 

Lindbergh was by no means alone in 
attempting the Paris —New York flight. René 
Fonck, France's leading World War I ace (75 
victories), had attempted the flight in a 
Sikorsky tri-motor. The heavily loaded 
airplane's landing gear had given way on 
take-off from Long Island's Roosevelt Field 
and two of his crew members had perished 
in the fiery crash. Fokker was building a 


tri-motor for Commander Byrd's attempt, 
and the Columbia Aircraft Company was 
preparing one of Giuseppe Bellanca's 
stunning Wright-powered monoplanes. 

Lt. Comdr. Noel Davis and Lt. Stanton 
Wooster of the U.S. Navy were readying the 
“American Legion,” a large Keystone 
Pathfinder tri-motor biplane for their 
attempt. French war hero Charles Nungesser 
and Francois Coli, on the other side of the 
Atlantic, were preparing to attempt an east- 
west crossing in a 450 hp single-engine 
French-built Levasseur biplane. 

Lindbergh and his backers could not 
afford a Fokker; the Wright-Bellanca could 
be flown only by a pilot of the Columbia 
Aircraft Company's choice. Other aircraft 
manufacturers wanted too much money or 
could not build the plane. So Lindbergh 
turned to the small, relatively unknown Ryan 
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Airlines, Inc., of San Diego, California. Оп 
February 24, 1927, Lindbergh wired his 
backers: BELIEVE RYAN CAPABLE OF BUILDING 
PLANE WITH SUFFICIENT PERFORMANCE STOP 
COST COMPLETE WITH WHIRLWIND ENGINE AND 
STANDARD INSTRUMENTS IS TEN THOUSAND FIVE 
HUNDRED EIGHTY DOLLARS STOP DELIVERY 
WITHIN SIXTY DAYS STOP RECOMMEND CLOSING 
DEAL. LINDBERGH 

Sixty days after the deal with Ryan is 
negotiated, the Spirit of St. Louis is flying; 
but so are the others. The race for the Orteig 
Prize is becoming close. What's more, due to 
a technicality and the Orteig Prize 
committee's desire for more information 
about the Ryan monoplane than Lindbergh 
is able to provide at the time, the required 
sixty-day rule between a pilot's entry 
application and his flight means that for 
Lindbergh to be eligible he cannot take off 
until the end of May. 

On April 16, 1927, Commander Byrd's big 
Fokker, the America, crashes on landing at 
New York's Teterboro Airport; the plane 
overturns and pilot Floyd Bennett is 
seriously injured. 

On April 24th, the Wright-Bellanca loses a 
wheel of its landing gear during a test flight 
and is damaged on landing. 

On April 26th, Lt. Comdr. Davis and 
Lt. Wooster are killed on the last of their trial 
flights when their Keystone Pathfinder 
biplane crashes into a marsh short of 
landing at Langley Field. 

On May 8th, Nungesser and Coli take off 
from Le Bourget for New York—and 
disappear. 

Newspaper editors realize the New 
York—Paris flight is becoming the story of 
the year. Interest is intense: four men are 
now dead, Nungesser and Coli are missing, 
three others are injured. 

On May 10th, Lindbergh flies his new 
Spirit of St. Louis from San Diego to St. 
Louis non-stop in 14 hours and 25 
minutes—a new record. And despite some 
worries caused by the Wright engine's 
shuddering reaction to the cold and altitude 
crossing the Rockies, Lindbergh is pleased 
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with the performance of his plane. He 
declines all dinner invitations forwarded by 
his backers in St. Louis so that he might 
leave the next morning for New York. where 
the Bellanca Columbia is already waiting for 
the weather to clear. The next day, just an 
hour after Lindbergh's Spirit of St. Louis 
arrives at New York's Curtiss Field, Byrd's 
now-repaired America comes in to land. 
During the next week squabbles break out 
among the crew of the Wright-Bellanca: there 
аге arguments over who is to go. whether to 
take a radio, what route is the best. The 
Bellanca's owner, Charles Levine, tells his 
pilot-navigator Bertaud that he is not 
wanted on the flight. Bertaud sues, and gets 
a court injunction to prevent the Bellanca 
from taking off without him. Meanwhile, 
Byrd is putting the America through test 
after test. 

Thursday. May 19th: Lindbergh has been 
waiting now in New York for one week for the 
weather to break. “The sky is overcast. A 
light rain is falling. Dense fog shrouds the 
coasts of Nova Scotia and Newfoundland, 
and a storm area is developing west of 
France,” Lindbergh wrote in his 
autobiography. The Spirit of St. Louis. “lt 
may be days. it may be—I feel depressed at 
the thought—another week or two before I 
can take off." 

That night Dick Blythe, the Wright 
Aeronautical Company's representative, 
invites Lindbergh to watch a Broadway 
musical—Rio Rita—from backstage. 

On the way to the theater. Blythe, at 
Lindbergh's request, stops for one more 
telephone call to the weather bureau. 


With the forecasts we've had. pavements shiny 
wet, and the tops of skyscrapers lost in 
haze, it's probably a waste of time to call for 
afinal check on weather; still, I'm not going 
to miss any chance. We park our car at the 
curb, and wait while Blythe goes into an office 
building to phone the Bureau. When he comes 
out I know by his face and gait that he has 
news for me. 

"Weather over the ocean is clearing, he 
announces. ‘It’s a sudden change.’ Unmindful 
of the rain, he stoops to outline the situation to 


us through the car window. The low-pressure 
area over Newfoundiand is receding, and a big 
high is pushing in behind it. 'Of course 
conditions aren't good all along your route, 
Blythe continues. 'They say it may take 
another day or two for that.' 

But there's a chance I'll be able to take off at 
daybreak. Thoughts of theater and stage 
vanish. The time has come. at last, for action. 

—The Spirit of St. Louis, 
by Charles A. Lindbergh 


The car is turned around and they start 
immediately for the airfield. Upon his arrival 
Lindbergh is surprised that there is no 
activity whatsoever at either the hangar 
where Byrd's Fokker , the America , is kept or 
at the Bellanca. Lindbergh assumes they are 
waiting for confirmation of the weather's 
improvement and he knows that if he waits 
for proof of good weather all the way to Paris. 
he could be the last to leave. 

It is almost midnight before Lindbergh 
returns to his hotel room. The Spirit of St. 
Louis will be ready: all he will need do is take 
off from Curtiss and fly to Roosevelt Field, 
then fill the tanks and use the longer, 
smoother Roosevelt Field runway for his 
take-off to Paris. If he is to take off at dawn 
he will get only 2% hours' sleep but he 
knows from his mailpilot experience that 
even minutes can help. He posts a friend 
outside his hotel room door to see that he is 
not disturbed. Lindbergh is furious with 
himself for not having gone to bed earlier, for 
having accepted the invitation to the theater, 
but he realizes he could not have foreseen 
the break in the weather. Just as he is falling 
asleep there is a knock at the door. The man 
he has posted as guard comes in. 

"Slim," the man asks. "what am I going to 
do when you're gone?" 

The stupid question wakes Lindbergh up: 
he cannot get back to sleep. He lies there 
wishing for a moment that the weather 
would turn bad again, that he could get a full 
night's rest, that the weather would sock in 
for a full week so that enough time would 
elapse for there to be no question about his 
eligibility for the $25,000 Orteig Prize. 


Charles A Lindbergh Papers. Yale University Library 


From left to right: Lindbergh, Byrd, and 
Chamberlain smile for the press. but each 
was competing for the $25,000 Orteig Prize. 


At 1:40, without having slept at all. 
Lindbergh begins to dress and he arrives at 
Curtiss Field a little before 3:00 on the 
morning of May 20, 1927. As he stands 
looking at the light rain falling through the 
haze, he is told that a message had been left 
for him back at the hotel saying he could 
sleep until dawn. А way had been found to 
tow the Spirit of St. Louis to Roosevelt Field; 
he wouldn't have to fly it. Lindbergh 
asks what the latest weather reports are and 
is told that in spite of the fog at Roosevelt 
Field, there are reports that the fog is lifting 
between New York and Newfoundland, the 
high-pressure system is still moving in over 
the North Atlantic and the only storms are 
local ones along the coast of Europe. 
Lindbergh orders the Spirit of St. Louis 
towed to Roosevelt Field and the fuel tanks 
topped. 


Mechanics tie the piane's tail skid to the back of 
a motor truck and wrap a tarpaulin around the 
engine. Reporters button up their raincoats. 
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Men look out into the night and shake their 
heads. The truck starter grinds. My plane 
lurches backward through a depression in the 
ground. lt looks awkward and clumsy. lt 
appears completely incapable of flight — 
shrouded, lashed, and dripping. Escorted by 
motorcycle police, pressmen, aviators, and a 
handful of onlookers. the slow, wet trip begins. 

It’s more like a funeral procession than the 
beginning of a flight to Paris. 

—The Spirit of St. Louis 


As soon as the Spirit of St. Louis is 
positioned at the end of the runway facing 
into the wind, the wind maddeningly shifts 
180° to blow over his tail. Conditions are 
inauspicious. The runway is soft, 
rainsoaked. Huge puddles are visible up the 
field. The engine is running 30 rpm too 
slow. The mechanic says it is the weather. 
but Lindbergh sees the apprehension in the 
mechanic's eyes. The plane's propeller has 
been set for cruising, not take-off. Lindbergh 
knows no one will think less of him if he 
decides not to go. The Spirit of St. Louis 
weighs 5,250 pounds—a thousand pounds 
more than he has ever attempted to fly it 
with before. The dampness of the wing 
surfaces not only adds weight but reduces 
lift. The tail wind means he will have to go 
that much faster before he can gain enough 
airspeed to leave the ground. Ahead in the 
misty end of the runway are the telephone 
wires he will have to clear. And yet, if he 
waits, Lindbergh knows the Bellanca will be 
ready. Byrd's America, too. But the take-off 
will be slow. He worries whether his engine 
will stand such a long ground run at full 
throttle without overheating. 

His instinct tells him he can make it. 

Lindbergh buckles his seatbelt, sets his 
goggles over his eyes, nods at the men on 
either side. and the wheel-chocks are pulled. 
He eases the throttle forward and the Spirit 
of St. Louis slowly creeps through the mud. 
Men run along on either side pushing upon 
the wheel struts, trying to speed the heavily 
laden plane along. It sloughs like an 
overloaded truck, its tires rutting through 
the mud. Gradually the speed increases and 
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Lindbergh's functional cockpit wicker seat 
was light but strong. 


the men drop away. 

Because of the fuel tank there is no way for 
him to see ahead. The periscope is of no use 
with the tailskid touching the ground. 
Lindbergh must keep the plane moving 
absolutely straight or one wheel will dig in, 
the heavy fuel load will crush the landing 
gear, there will be an explosion of gas. The 
controls seem lifeless. He has used a 
thousand feet of runway before the tailskid 
lifts and the wings begin to take up some of 
the load. The engine is beginning to smooth 
out, the propeller is taking hold of the air. 


The halfway mark streaks past---seconds now to 
decide— close the throttle or willl get off? The 
wrong decision means a crash— probably in 
flames---I pull the stick back firmly. and---the 
wheels leave the ground. Then I'll get off! The 
wheels touch again...A shallow pool on the 
runway---water spews up from the tires---A wing 
drops—lifts as 1 shove aileron against it—the 
entire plane trembles from the shock---Off 
again—right wing low—- pull it up---Ease back 
onto the runway—left rudder—hold to center— 
must keep straight —Another pool— water 


drumming оп the fabric---The next hop's 
longer---] could probably stay in air; but | let 
the wheels touch once more—lightly, a last bow 
to earth, a gesture of humility before it---Best to 
have plenty of control with such a load. and 
conirol requires speed. 

The Spirit of St. Louis takes herself off ihe 
next iime—full flying speed—the controls iaut, 
alive, straining—and still a thousand feet to the 
web of telephone wires...lt'll be close, but the 
margin has shifted to my side. | keep the nose 
down, climbing slowly, each second gaining 
speed. If the engine can hold oui for one more 
minute---five feet---twenty---forty---wires flash 
by underneath —twenty feet to spare! 

—The Spirit of St. Louis 


Only four hours into the flight Lindbergh 
finds himself fighting exhaustion, and then 
squalls. By the eighth hour his lack of sleep 
has become a serious threat: "My eyes feel 
dry and hard as stones. The lids pull down 
with pounds of weight against their muscles. 
Keeping them open is like holding arms 
outstretched without support. I try letting 
one eyelid close at a time while 1 prop the 
other open with my will. But the effort's too 
much. Sleep is winning. My whole body 
argues that nothing, nothing life can attain, 
is quite so desirable as sleep. My mind is 
losing resolution and control." By the tenth 
hour Lindbergh is flying low over the Atlantic 
ice fields and encounters fog. He begins 
climbing and at 10,500 feet he has still not 
broken free and is suddenly terribly cold, 


The necessity for extra fuel tanks placed in 
front of the instrument panel blocked 
Lindbergh s forward vision. 


colder, he knows, than he should be. He jerks 
his leather mittens off and thrusts his arm 
out the window. His palm is stung by 
thousands of pinpricks. He shines his 
flashlight out the window at the wing strut. 
Ice! He has to get out of the thunderhead, 
below the storm. Ice will clog the venturi 
tubes, his instruments will not work; ice will 
weigh down his plane, spoil the airflow, force 
him into the ocean. He must try to thread his 
way at night through the great cliffs of 
clouds that tower all around him. 

During the fifteenth hour Lindbergh 
pushes his head out the open window to 
revive himself. The cold air hits his face. He 
lets his eyelids fall shut for five seconds, then 
cannot open them without forcing them up 
with his thumb. He lifts his brow muscles to 
keep his eyelids open. By the twenty-second 
hour he is falling asleep with his eyes open 
and cannot prevent it. Ghostly apparitions 
suddenly fill the fuselage: 


These phantoms speak with human voices— 
friendly, vapor-like shapes. wiihout substance, 
able io vanish or appear at will, to pass in and 
out through the walls of the fuselage as though 
no walls were there... First one and then another 
presses forward to my shoulder to speak above 
ihe engine's noise, and then draws back among 
ihe group behind. At times, voices come out of 
the air itself,...familiar voices, conversing and 
advising on my flight, discussing problems of 
my navigation, reassuring me, giving me 
messages of importance unattainable in 
ordinary life. 

—The Spirit of St. Louis 


Lindbergh marks on the instrument panel 
before him the amount of fuel consumed: 


TWENTY-SIXTH HOUR 


hours of fuel consumed 


Nose Tank 


l/4-LHÍ 11 


Left Wing Center Wing Right Wing 
1/4+111 1/4+ 1/4+111 


Fuselage 


det унт 1 
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He reaches into the pocket of his flying 
suit for a fresh handkerchief and touches 
something small, hard, thin he hadn't 
noticed before. There is a chain attached and 
he pulls it out; someone, unknown to him, 
had slipped a St. Christopher's medal into 
his pocket. Lindbergh is low over the ocean 
again, flying at little more than ten feet when 
he sees a porpoise, the first living creature 
he's seen since crossing Newfoundland 
fourteen hours before. He searches the 
water. Suddenly a black speck on the water 
two or three miles to his southeast catches 
his eye. He squeezes his lids together and 
looks again. It's a boat! Several small boats 
are dotted over the surface of the ocean! 

Lindbergh banks the Spirit of St. Louis 
toward them. All sleepiness vanishes. If 
those are fishing boats. then the coast of 
Europe cannot be far away. He flies low over 
the first boat, drops his wing, banks, 
circles over the next. A man’s head appears 
at a porthole. Gliding down to within fifty 
feet of the fishing boat’s cabin Lindbergh 
closes down the throttle, leans out the 
window and shouts, “WHICH WAY 1S 
IRELAND? " Three times he circles; the 
person at the porthole stares stupidly at the 
small silver plane. No one moves. 

Lindbergh cannot delay. he straightens 
out and pushes on and into a line of squalls 
just a hundred feet above the ocean swells. 
During his twenty-eighth hour he does not 
dare believe his eyes. Ahead of him is land! 
Lindbergh has reached Ireland. He is 2% 
hours ahead of schedule; he is less than six 
hours from Paris! 

Thirty-three hours into the flight it is 
almost dark. He is over France when he 
sees a line of beacons converging with his 
course. Paris, where his course and the 
beacons intersect, will be less than a 
hundred miles ahead. 

An hour later he is flying at 4,000 feet 
and sees the glow of Paris against the 
nighttime sky. Within an hour he will land 
at Le Bourget field—if he can find it. 

No one Lindbergh had spoken to before 
departing had more than a general idea 
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where it was. "It's a big airport," he was 
told. "You can't miss it. Just fly northeast 
from the city." But there is no airport 
beacon. As he reaches the city he sees a 
dark patch of ground where he thinks Le 
Bourget ought to be, then flies beyond to 
make sure. He turns back and circles the 
dark patch again. lt must be Le Bourget, he 
thinks, but the lights seem so strange. 
There appear to be thousands of dim lights 
to one side. A factory? He descends to a 
lower altitude, recognizes big hangars, 
realizes the little lights are automobiles. It 
is Le Bourget! There are floodlights near 
the hangars; Lindbergh banks around for 
his final glide: 


I'm too high—too fast. Drop wing—left 
rudder—sideslip---Careful—mustn't get 
anywhere near the stall. l've never landed the 
Spirit of St. Louis at night before. It would be 
better to come in straight. But if 1 don't 
sideslip, I'll be too high over the boundary to 
touch my wheels in the area of light. That 
would mean circling again---Still too high. 1 
push the stick over to a steeper slip, leaving the 
nose well down---Below the hangar roofs now--- 
straighten out---A short burst of the engine--- 
Over the lighted area---Sod coming up to meet 
me---Deceptive high lights and shadows— 
Careful— easy to bounce when you're tired--- 
Still too fast---Hold off---Hold off---But the 
lights are far behind---The surface dims— 
Texture of sod is gone---Ahead, there's nothing 
but night---Give her the gun and climb for 
another try?---The wheels touch gently—off 
again—No, ГІ keep contact—Ease the stick 
forward---Back on the ground —Off—Back— 
the tail-skid too---Not a bad landing, but I'm 
beyond the light —can't see anything ahead — 
Like flying in fog—Ground loop?—No, still 
rolling too fast —might blow a tire—The field 
must be clear—Uncomfortable though, jolting 
into blackness— Wish 1 had a wing light— but 
too heavy on the take-off---Slower, now—slow 
enough to ground loop safely—left rudder— 
reverse it— stick over the other way---The Spirit 
of St. Louis swings around and stops rolling, 
resting on the solidness of earth, in the center 
of Le Bourget. 

1 start to taxi back toward the floodlights and 
hangars---But the entire field ahead is covered 
with running figures!* 

—The Spirit of St. Louis 


Ever since the first radioed reports of 
Lindbergh's crossing Ireland, then the 
Channel and being over France, masses of 
people have flocked to Le Bourget to watch 
him land. They had waited for hours and 
now, in their excitement, the crowds knock 
down the steel fences and break through 
two companies of soldiers and civil police 
guards in their eagerness to reach the 
small silver plane. Lindbergh barely has 
time to stop the engine before the first 
faces are at his windows. He hears them 
shouting “LINDBERGH! LINDBERGH!” in 
accents unfamiliar to his ears. He can fecl 
the Spirit of St. Louis tremble as bodies 
crush against it. A fairing spar cracks and 
then another and another. Souvenir 
hunters tear pieces of fabric from the 
fuselage. When Lindbergh opens his cabin 
door to attempt to get help and protection 
for his plane he is pulled bodily out and 
carried over the crowd's heads. Lindbergh 
has become the most famous man in the 
world! 

Today, perhaps. it is difficult for us to 
understand what an extraordinary feat 
Lindbergh achieved. Thousands of 
passengers cross the Atlantic non-stop 
every week and if they tear their eyes away 
from the pages of a novel or the onboard 
movie to look out the double-layered glass 
window outside at the sky, they do not 
consider the risks. Nor do they question 
for an instant that if the pilot—or 
more likely some flight attendant — 
announces that their destination is Paris 
that this is precisely where the plane 
will go. 


What Lindbergh was the first to do. by an act of 
superb intelligence and will, millions of us 
accomplish regularly with the expenditure of 


*The official time of Charles A. Lindbergh's 
crossing from New York to Paris on May 20- 2i, 
1927, in the Spirit of St. Louis recorded by the 
National Aeronautic Association under the 
rules and regulations of the Fédération 
Aéronautique Internationale was 33 hours, 30 
minutes, 29.8 seconds. 


no more intelligence and will than is required 
to purchase a ticket and pack a bag. The once 
inimical Atlantic scarcely exists for the 
contemporary traveler: a glimpse of tame. 
pewter-colored water at the start or finish of a 
journey... That first New York - to- Paris flight, 
with its awesome risks cooly faced and 
outwitted by a single valorous young man had 
led to an ever-increasing traffic in the sky 
above the Atlantic and an ever-decreasing 
awareness of awe and risk on the part of the 
army of non-flyers who have followed him. His 
valor is hard to keep fresh in our minds when 
the most we are asked to face and outwit above 
the Atlantic is boredom 

—Lindbergh Alone, by Brendan Gill 


But on May 20—21, 1927, Lindbergh 
touched some responsive chord in the 
hearts of the world. The Government of the 
United States awarded him the first 
peacetime Congressional Medal of Honor 
and the first Distinguished Flying Cross. 
France, Belgium, England, Spain, Canada, 
the nations and leaders of the world vied 
with one another to present him with 
medals. commemorative plaques, scrolls, 
letters. George M. Cohan wrote a song 
about him. The Franklin and LaSalle- 
Cadillac automobile companies each gave 
him cars, Ryan an airplane. He was given 
life passes to baseball games, theaters, 
railroads. He was offered free homes. a 
$50,000 bonus for endorsing a cigarette, 

a 5-million-dollar motion picture contract, 
a live monkey, the most bizarre and 
astonishing gifts. There was something 
about the tininess of Lindbergh's plane 
against so huge and implacable a foe as the 
Atlantic Ocean and its storms, something 
about Lindbergh's shyness and modesty. 
his aloofness and self-confidence: he had 
arrived at Roosevelt Field with little fanfare, 
without the financial corporations the 
others had assembled to back their 
attempts. He had arrived alone and he took 
off alone crossing the vast Atlantic 
sometimes at ten feet and at other times 
ten thousand feet above the waves. 
Lindbergh did it alone—and from the day 
he landed at Le Bourget he fought in vain 
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to keep this sense of self intact. 

Look again at that tiny, silver plane. If 
Charles Lindbergh's Spirit of St. Louis 
holds a special place in the Museum 
visitor's heart, it is because it marks the 
accomplishment of an individual. an 
achievement that can somehow be 
measured and understood. There is 
something about Lindbergh's daring, his 
acceptance of chance and fate, his decision 
to fly without a radio or a parachute to save 
weight, to so load the Ryan monoplane's 
fuselage with fuel tanks that it was 
impossible for him to see straight ahead 
without the aid of a periscope or without 
swinging his plane from side to side. There 
is something in that plane that the 
visitor can relate to because Lindbergh 
was dealing with understandable, 
comprehensible risks—dangers which were 
simple, but whose simplicity in no way 
diminished the certainty of Lindbergh's 
valor nor the fact that the slightest error 
meant death. 

And yet, as the visitor looks about the 
gallery at those other air- and spacecraft 
which also marked milestones in the 
history of flight, the "milestones" 
themselves become more mysterious and 
complex achievements, more difficult to 
appreciate, to measure, than a flight from 
point-to-point. As each new plateau of 
accomplishment was crossed by the 
individual or individuals in each machine, 
the flight technology demanded less and 
less of the individual and more and more 
the effort of groups, of teams of scientist- 
engineers, test-pilot mechanics, astronaut- 
scholars, physicists, and theoreticians. The 
machines, themselves, seem to resemble 
airplanes less and less and devices more 
and more—scientific tools designed for 
specific purposes, to increase 
understanding and knowledge. The 
machines’ designs begin to reflect their 
purpose and even in cases such as the deep 
space probes, mechanical manifestations of 
pure thought itself. When the visitor, for 


example, looks at that stubby-winged, 
bright orange and white bullet-shaped 
aircraft hanging high up near the gallery's 
west wall, he is seeing a needle-nosed Bell 
X-1, Glamorous Glennis, designed to pierce 
the sound barrier. 

During the later stages of World War II, 
pilots of advanced fighter aircraft 
experienced strange and alarming behavior 
on the part of their machines when in a 
high-speed dive they approached the speed 
of sound. Their planes buffeted. wrenched 
about, controls sometimes reversed or 
became ineffective, increased drag set in; in 
some cases, the wings tore off, the plane 
broke apart and crashed. Because of these 
experiences there developed the idea of a 
sonic wall, a "sound barrier" of some kind 
through which no aircraft could pass 
unscathed. In 1944 the National Advisory 
Committee for Aeronautics (NACA) and the 
U.S. Army Air Forces initiated a cooperative 
program to explore this wall. For this 
purpose the Bell X-1 was designed and 
cautiously tested, its rocket-engine 
permitted to fire just long enough to creep 
the little plane's speed increment by 
increment up to the speed of sound. Апа 
then on October 14, 1947, Captain Charles 
E. "Chuck" Yeager flew the experimental 
Glamorous Glennis (named after Yeager's 
wife) 700 mph at 43,000 feet and thereby 
became the first man to fly beyond the 
speed of sound. Describing the flight later, 
Yeager reported: 


With the stabilizer setting at 2° the speed was 
allowed to increase to approximately .98 to .99 
Mach number where elevator and rudder 
effectiveness were regained and the airplane 
seemed to smooth out to normal flying 
characteristics. This development lent added 
confidence and the airplane was allowed to 
continue to accelerate until an indication of 1.02 
on the cockpit Mach meter was obtained. At this 
indication the meter momentarily stopped and 
then jumped to 1.06 and this hesitation was 
assumed to be caused by the effect of shock 
waves on the static source. At this time the 
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The Bell X-1.the first plane to fly beyond 
the speed of sound (1947). 


This "brute of a machine" was designed to 
bridge the gap between manned flight in the 
atmosphere and manned flight in space; the 
rocket-powered X-15 was the first to fly four. 


five, and six times the speed of sound. 


Gemini 4 EVA: A mannequin in the 
Milestones of Flight gallery depicts Edward 
H. White Il becoming the first American to 
"walk in space." 


power units were cut and the airplane allowed to 
decelerate back to the subsonic flight condition. 
When decelerating through approximately .98 
Mach number a single sharp impulse was 
experienced which can best be described by 
comparing it to a sharp turbulence bump. 


—Supersonic Flight: The Story of the Bell X-1 
and Douglas D-558, by Richard Hallion 


The fact that nothing "spectacular" had 
happened belies the significance of that 
flight. When on August 26, 1950, General 
Hoyt Vandenberg as Air Force Chief of 
Staff presented the X-1 to Dr. Alexander 
Wetmore, then Secretary of the Smithsonian 
Institution, he stated that the aircraft 
"marked the end of the first great period of 
the air age, and the beginning of the second. 
In a few moments the subsonic period 
became history, and the supersonic period 
was born." 

Diagonally across from the Bell X-1 is the 
North American X-15, that big, black, ugly 
brute of a machine to which the supersonic 
period gave birth. In 1963 this rocket- 
propelled research aircraft flew higher 
(354,000 feet), and in 1967, faster (4,534 mph) 
than any other airplane in history. An X-15 
became the first aircraft to fly Mach 4, Mach 
5, and Mach 6—four, five, and six times the 
speed of sound. It was designed to bridge 
the gap between manned flight within 
the atmosphere and manned flight beyond 
the atmosphere in space and to study 
hypersonic aerodynamics, control systems, 
winged reentry from space, and aerodynamic 
heating. Because of its high-speed 
capability, the X-15 had to withstand 
aerodynamic temperatures of 1,200°F.; the 
aircraft was therefore manufactured using a 
special high-strength, heat-resistant nickel 
alloy. The X-15 was airlaunched from a 
special modified Boeing B-52; the rocket- 
powered plane required conventional 
aerodynamic control surfaces to operate 
within the atmosphere and special 
"thruster" reaction control rockets located 
in the nose and wings to permit the 
pilot control of the X-15 when flying in the 
thin atmospheric fringe of space. The 
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wedge-shaped tail surfaces were needed 

for control at high speeds. Because the 
X-15's tail surface arrangement was a 
cruciform in shape, the lower half 

of the ventral fin was designed to be 
jettisonable prior to landing so that the 
rocket craft could land on a conventional two- 
wheel nose-landing gear and two tail- 
mounted landing skids. Three X-15 aircraft 
were built; they completed a total of 199 
research flights which resulted in at least 
700 technical documents. an amount 
equivalent to the output produced by a 
typical 4,000-man federal research center in 
the course of two years. 

Beneath the Spirit of St. Louis rests the 
Mercury spacecraft Friendship 7. On the 
morning of February 20, 1962, while 135 
million Americans watched on their 
television sets or listened in on their radios 
Marine Lt. Col. John Glenn was rocketed 
into space in that spacecraft from Cape 
Canaveral (briefly renamed Cape Kennedy). 
Florida. and became the first American 
to orbit the earth. 

Glenn circled our planet three times at an 
altitude which varied between 101 and 162 
miles and at a speed of 17,500 mph. The 
flight took 4 hours and 55 minutes and 
demonstrated that the human body could 
function in the weightlessness of space and 
that the spacecraft was safe for manned 
missions. Below are excerpts from the first 
radio voice messages exchanged between 
Asironaut Glenn and Mercury Control at 
Cape Canaveral on the morning that the 
United States truly entered the manned 
space exploration race. 

CC stands for Cape Canaveral, P represents 
the pilot, John Glenn. The numerals show 
the flight time in hours, minutes, and 
seconds following the countdown and lift off. 


CC [Cape Canaveral]...5. 4, 3, 2, 1, 
lift off! 


00 00 03 P [Pilot] Roger. The clock is operating. We're 


under way. 


000007 CC Hear [you] loud and clear. 
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the first American to orbit the earth. р 
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CC 


CC 


Roger. We're programming in roll okay. 
Little bumpy along about here. 

Have some vibration coming up here now. 
Roger. Reading you loud and clear. 

Roger. Coming into high Q [vibration] a 
little bit; and a contrail went by the 
window, or something there. 


Roger. 


We're smoothing out some now, getting 
ont of the vibration area. 


Roger. You're through max. Q. Your flight 
path is... 


Roger. Feels good, through max. Q and 
smoothing out real fine. 


Sky looking very dark outside. 


Roger. Reading you loud and clear. Flight 
path looked good. Pitch, 25. Stand by... 


Roger. The [escape] tower fired; could not 
see the tower go. l saw the smoke go by the 
window. 


There, the tower went by right then. Have 
the tower in sight way out. Could see the 
tower go. Jettison tower is green. 


Friendship Seven. Fuel 103 – 101 
[percent], oxygen 78— 100, amps 25, cabin 
pressure holding steady at 5.8. 


Roger. Reading you loud and clear. Seven, 
Cape is Go; we're standing by for you. 


Roger. Cape is Go and l am Go. Capsule is 
in good shape...All systems are Go. 


Roger. Zero С, and | feel fine. Capsule is 
turning around. 


Oh, that view is tremendous! 

Roger. Turnaround has started. 

Roger. The capsule is turning around and 
I can see the booster during turnaround 


just a couple of hundred yards behind me. 
It was beautiful. 


000530 СС Roger. Seven. You have a Go, at least 
seven orbits. 


00 05 35 P Roger. Understand Go for at least seven 


orbits. 


The vocabulary: Max Q, Zero G, escape 
towers, boosters, separation; the phrases: 
we're programming in roll, all systems are 
до; the count-downs and lift-offs...how 
swiftly we have become accustomed to the 
language of the space age! 

The Mercury flights were the first of three 
steps that formed the United States' 
response to President John F. Kennedy's 
challenge a year before Glenn's flight, that 
"This nation should commit itself to 
achieving the goal, before this decade is out, 
of landing a man on the moon and returning 
him safely to Earth." The second step, the 
Gemini project, is represented by the 
Gemini 4 spacecraft located below the X-15. 
It was in this 7,000-pound spacecraft 
launched into orbit on June 3, 1965, that 
astronaut Edward H. White opened the 
right-hand hatch and "floated" out into 
space connected to the Gemini 4's life 
support and communications systems by 
only a gold-covered “umbilical cord." His 
"walk" proved that astronauts could work 
effectively outside their spacecraft, for 
example, on the lunar surface. White 
maneuvered by using a hand-held thruster. 
Other Gemini flights proved that man could 
stay up long enough to get to the Moon and 
back. This led to the Apollo program. 

Directly beneath the X-15 stand two 
diminutive progenitors of the towering Atlas, 
Titan, and Saturn rockets that lifted our 
astronauts; they are a full-scale model of Dr. 
Robert Н. Goddard's first liquid-propellant 
rocket built in 1926, and Dr. Goddard's 
actual final rocket built in 1941. These 
rockets, representing the beginning and the 
end of Dr. Goddard's efforts to develop high- 
altitude liquid-propellant rockets, mark the 


Edward Н. White floating in space connected to Gemini 45 
life-support system only by his gold "umbilical cord." 


first major breakthrough on our way to the 
exploration of space. 

The first of Dr. Goddard's rockets to be 
successfully flown is the one on the metal 
tubular stand. It was launched from a farm 
in Massachusetts on March 16, 1926, and 
reached an altitude of 41 feet, powered by 
liquid oxygen and gasoline. The flight lasted 
but 2% seconds, and the rocket's average 
speed was approximately 60 mph; but, like 
the first tentative flights of the Wrights' 
Flyer, the 1926 rocket marked the dawn of a 
new age. During the flight a portion of the 
rocket's nozzle was burned away and other 
parts were damaged when the rocket 
impacted into the ground 184 feet from its 
launch site; but the rocket was repaired, its 
pieces reassembled, and the rocket flown 
again on April 3, 1926. 

The larger rocket was опе of the last and 
most advanced liquid-propellant rockets 
tested by Dr. Goddard between 1939 and 
1941. The rocket on display did not fly 
because of a malfunction which caused the 
engine to shut down shortly after ignition, 
but the significance of this rocket is that it 
incorporated most of the basic principles 
and elements used later in all long-range 
rockets and space boosters. 

High up near the ceiling is a small silver 
ball with "feelers" extending out from it; it is 
a model of Sputnik 1, the first man-made 
object to be placed in orbit around the earth. 
Sputnik (meaning traveling companion) was 
launched, on October 4, 1957, atop a 96-foot- 
tall Soviet military rocket whose 1,124,440 
pounds of thrust boosted the 184-pound 
satellite into orbit. For 22 days Sputnik 1 
transmitted internal and external 
temperature information and provided 
important orbital data concerning 
atmospheric and electronic densities at high 
altitudes. This model,on loan from the 
USSR Academy of Sciences, commemorates 
certainly one of the most dramatic 
milestones. The actual satellite, of course, 
burned up on reentry into the earth's 
atmosphere on January 4, 1958. 

On November 3, 1957, the Soviets further 
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stunned the world by placing Sputnik 2 into 
orbit. This artificial satellite weighed 1,121 
pounds and carried Laika, a dog, into orbit. 
On December 6, 1957, Vanguard Test Vehicle 
3, carrying the first American earth satellite, 
a small grapefruit-sized device, exploded on 
its launch pad and the United States' 
prestige reached a new low. The little satellite 
continued to beep pathetically as the giant 
rocket consumed itself in the fire. In France 
café waiters the next morning approached 
American tourists and sardonically asked if 
they would like a “grapefruit” for breakfast. 
Finally, on January 31, 1958, a four-stage 
Jupiter-C rocket designed, built and 
launched by the Army Ballistic Missile 
Agency team headed by Wernher von Braun, 
successfully placed Explorer 1, the first 
American satellite, in orbit. The back-up 
copy hangs near the Sputnik 1 model above 
the balcony overlooking the Milestones 
gallery. Explorer 1 measured three 
phenomena: cosmic ray and radiation levels 
(thus providing data which led to the 
discovery of the Van Allen belts. the belts of 
radiation surrounding the earth named after 
James Van Allen of the University of Iowa, 
one of the team who prepared the satellite's 
instrumentation), the temperature within 
the vehicle (essential knowledge in the 
design of future manned spacecraft), and the 
frequency of collision with micro-meteorites. 
The American Explorer 1 satellite weighed 
30.8 pounds including its fourth stage. 
Sputnik 1 and Explorer 1 marked the 
opening stages of man's space adventure. By 
January, 1975, 1,734 payloads had been fired 
into space; 1.007 had been destroyed 
reentering the earth's atmosphere. but 684 
were still in orbit and 43 were rushing out 
into deep space. Among them is Mariner 2, a 
replica of which hangs in the Milestones 
gallery. On December 14, 1962, Mariner 2 
was launched, making a 109-day trip that 
took it 36 million miles from earth to within 
21,600 miles of Venus, thus completing the 
first successful mission to another planet. In 
the Milestones of Flight gallery is also the 
Pioneer 10 (the prototype of which hangs 


At right, Robert Н. Goddard's—and the world s—first success 


Sul liquid-propellant rocket (March 16, 1926) ana. left, 


one of Goddard's last and most advanced rockets (1941). 
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From top to bottom: replica of Russia's 
Sputnik (October 4, 1957), the world's first 
artificial satellite; prototype of Pioneer 10 
(1972), the first spacecraft to explore the 
outer planets of the Solar System; the back- 
up vehicle for Explorer 1, the first successful 
American satellite (January 31, 1958). 
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near the delicate silk and metal tubing 
Langley Aerodrome #5), which was launched 
on March 3, 1972, and was the first 
spacecraft to explore the outer planets of the 
Solar System. On December 3, 1973, the 
Pioneer 10 spacecraft passed within 82,000 
miles of Jupiter and transmitted scientific 
information and photographs of the planet's 
surface 515 million miles back to earth. In 
1990, Pioneer 10 will pass the farthest point 
of Pluto's orbit and continue on out through 
the Solar System. It carries a plaque 
designed to inform any intelligent extra- 
terrestrial life about the spacecraft and 
where it came from. This spacecraft was 
launched with the highest speed ever 
achieved for a man-made object: 31,122 
mph. It seems somehow especially 
appropriate that the Pioneer 10 spacecraft 
which was launched unmanned to explore 
the farthest reaches of our Solar System 
should hang so close to the Langley 
Aerodrome £5, which was launched 
unmanned also, on May 6, 1896, and was 
the first American heavier-than-air flying 
machine to make a free flight of any 
significant length. It flew about 3,000 feet at 
25 mph from a houseboat on the Potomac 
River for about a minute and a half in several 
broad circles before landing gently on the 
river. 

As we complete our circle of the Milestones 
of Flight gallery, our eyes quite naturally 
return to the 1903 Wright Flyer and the 
large, conical spacecraft beneath it. The 
spacecraft is the Apollo 11 command module 
in which astronauts Neil Armstrong. Edwin 
Aldrin, and Michael Collins flew to the Moon 
and back on July 16 through July 24, 1969, 
just six months before the decade expired, 
thereby fulfilling President John F. 
Kennedy's challenge. Apollo 11 was the first 
of six lunar-landing missions (Apollos 11, 12, 
14, 15, 16, 17) plus one mission abort (Apollo 
13) launched between July, 1969, and 
December, 1972. It was during Apollo 11 that 
Neil Armstrong and Edwin E. Aldrin, Jr., 
became the first men to walk on the Moon. 
The scarred heat shield and exterior are 
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Goddard rockets (1926-1941). 


testimony to the enormous heat generated 
upon the command module's return through 
the earth's atmosphere when temperatures 
rose to over 5,000” Е. during the 25,000+ 
mph геепїгу speed. The command module 
Columbia also brought back to earth the 
first samples of lunar rocks and soil. 

Only sixty-six years and about twenty feet 
separate the Apollo 11 command module 
from the Wright Flyer; this juxtaposition of 
two such epochal air- and spacecraft is not 
only indicative of the extraordinary 
technological advances flight has achieved in 
so short a time, but it is also an entirely 
appropriate expression of what the 
Smithsonian's National Air and Space 
Museum truly is. 


The Apollo 11 command module Columbia, which brought 
Neil Armstrong. Edwin Aldrin, and Michael Collins back from 
man's first walk on the Moon. 


A child's first tentative touch of a piece of the Moon. 
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Neu. to the National Air and Space 
Museum almost automatically turn from the 
Milestones of Flight gallery to the Hall of Air 
Transportation. Perhaps it is the irresistible 
attraction of seeing how something as huge 
as a DC-3—at 17,500 pounds, the heaviest 
aircraft supported by the Museum 
structure—can be hung from the ceiling as 
effortlessly as ifit were nothing more than a 
young boy's model airplane suspended on a 
fishing leader.* 

Each of the seven aircraft on display in 
this hall played a significant role in the 
development of air transportation, a field 
which commenced in this country only a 
little more than ten years after the Wright 
brothers' first powered flight, when A.C. 
Phiel, the former mayor of St. Petersburg, 
Florida, paid $400 for the privilege of 
becoming, on January 1, 1914, the St. 
Petersburg—Tampa Air Boat Line's first 
passenger. The airline's wooden-hulled 
Benoist Type XIV biplane flying boat made 
two eighteen-mile round-trip flights per day 
between Tampa and St. Petersburg, and the 
twenty-three-minute one-way trip began 
regularly scheduled airline service in the 
United States. The Benoist XIV's top speed 


*The answer lies in the genius of the Museum 
building's design: aircraft are hung from the 
triangular steel trusses that span the ceiling 
between the upright pylons. The trusses, which 
are triangular in cross section as well, provide 
enormous strength while creating a sense of 
openness and space. This technique, similar to 
that used to strengthen aircraft structure, 
makes it possible to suspend several loads along 
anentire span or to concentrate one major 
weight in one place. 
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was 63 mph, and when three months later 
the contract had ended, 1,204 passengers 
had paid $5.00 each for the one-way flight 
in the plane's open cockpit. The St. 
Petersburg - Tampa Air Boat Line lost only 
eight days due to weather or mechanical 
failure during its ninety days of operation 
and in addition to maintaining a regular 
schedule, the company pioneered in some 
advanced airline concepts: excess baggage 
weight or passenger weight (any passenger 
weighing more than 200 pounds) was 
charged at the rate of $5.00 per hundred 
pounds. 

Commercial flying in this country, 
however, floundered about until May 20, 
1927, when Charles A. Lindbergh took off 
from New York City's Roosevelt Field. His 
landing 33 hours and 30 minutes later in 
Paris had an extraordinary impact on 
American aviation. lt was as though some 
vast psychological barrier bad been crossed. 
Within the following year the applications for 
private pilot's licenses jumped from 1,800 to 
5,500. In 1928 the nation's still-fledgling 
airlines doubled their route-miles flown, 
tripled the amount of mail carried, and 
quadrupled the number of passengers. From 
the moment Lindbergh landed at Le Bourget 
outside of Paris people realized that the 
airplane had suddenly come of age: airplanes 
could actually span continents and oceans, 
cross over mountains and arctic wastes. 
They could deliver passengers, mail, and 
merchandise with what America loved most 
of all: speed. The key factor in explaining the 
sudden enormous expansion of American 
commercial flying is that big business had 
come to realize that big money could be 


made—but only if commercial aviation were 
run on a businesslike basis. That meant 
mergers and subsidies. 

In 1927 Juan Trippe had received the mail 
contract between Key West, Florida, and 
Cuba. In 1928 he won additional foreign mail 
contracts to the Canal Zone and Puerto Rico. 
This meant that his young Pan American 
Airways would be guaranteed a backing of at 
least two and a half million dollars a year in 
mail-contract revenues. By 1931 he had 
locked up South America and successfully 
prevented foreign airlines from dominating 
that continent. By this time, too, three major 
airline companies had emerged out of the 
tangle of competitive small carriers in the 
United States: United Airlines, American 
Airlines, and TWA. 

In 1929 Transcontinental Air Transport 
(T.A.T.)—which had become known as "The 
Lindbergh Line" when Lindbergh agreed to 
the use of his name—offered a unique 
transcontinental service requiring their 
passengers to split the trip between Ford Tri- 
Motors and pullman-car trains. The Fords 
flew only in daylight across safe flying 
country; the passengers would then board 
the train for the nighttime passage over the 
mountains. Although the trip could be made 
in relative safety. it was not a commercial 
success since the 48-hour journey across the 
country was not all that competitive with the 
railroads alone. The next year T.A.T. merged 
with Western Air Express and became 
Transcontinental and Western Air, or TWA. 

That same year United Airlines, which flew 
the Chicago and West Coast route. bought 
National Air Transport, whose routes were 
between Chicago and New York. In the south 
a gaggle of small carriers combined to 
become American Airways. 


In March, 1929. these three big systems came 
under the penetrating eye of Walter F. Brown, 
Postmaster General of the new Hoover 
Administration. Like hts predecessors. Brown 
felt that the Post Office Department should 
encourage commercial aviation tn the interests 
of national defense. But he also felt that rapid 
expansion would never take place so long as 


government subsidies made it more profitable 
for the airlines to carry mail than to carry 
passengers. 

Consequently, he sought an amendment to 
the ortginal Kelly Act that would elimtnate the 
old pound-per-mile rate and pay operators 
according to how much cargo space they made 
available. Brown figured that thls would 
encourage the airlines to place orders for larger 
airplanes: then, tf mail did not fill the extra 
space, the operator would carry passengers 
rather than fly half-empty. The new proposal, 
passed as the McNary-Watres Bill, also 
attempted to reward progressive operators by 
providing for extra payments to atrlines using 
multi-engine planes equipped with the latest 
navigational aids. The whole point of the new 
law, Brown said, was to develop aviation in the 
broad sense and to stimulate manufacturers 
"who would compete with each other and bring 
their aeronautical industry up to the point 
where it could finally sustain itself." 

This approach meant, inevitably, that when it 
came to bestowing mail contracts Brown would 
tend to disregard the small, struggling, 
independent airlines in favor of the larger 
companies with better financing and more 
experienced personnel. After a series of 
meetings, later known sardonically as the 
“Spoils Conference," the big operators did walk 
off with most of the contracts. 


—The American Heritage Histonj of Flight, 
by Arthur Gordon 

United Airlines won the northern 
transcontinental route, TWA the central 
route, and American Airlines the southern. 
The size of the country, itself, had become a 
factor advantageous to the growth of air 
travel. Aircraft companies competed with 
each other to come up with the fastest, 
safest, and most economical planes. And it is 
this competition that resulted in some of the 
revolutionary designs one sees in the aircraft 
exhibited in this hall. 

Let's begin on the floor of the Hall of Air 
Transportation with the rotating beacon 
light next to the Douglas M-2 mailplane with 
the Western Airlines markings. Before 
sophisticated radio navigation rendered 
beacon lights obsolete, pilots relied upon 
lights such as the one exhibited that were 
spaced approximately ten miles apart along 
the routes flown between major cities. In 
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А 1920s Douglas M-2 mailplane beneath 
a rotating beacon navigation aid. 
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The Museums Pitcairn Mailwing 
in Eastern Air Transport markings. 


1946 there were 2,112 airways beacons on 
124 air routes in the United States. At night 
under fair weather conditions a pilot could 
see one or more of these lights at any given 
time. Pilots learned the following mnemonic 
to help them remember the code flashed by 
the various airways beacon lights: W(.--)hen 
U(..-)ndertaking V(...-)ery B(....)ard 
R(.-.)outes K(-.-)eep D(-..)irections B(-...)y 
G(--.Jood M(--)ethods. Starting at the origin of 
the airway, the successive rotating beacon 
lights would flash the International Morse 
Code for the letters W, U, V. Н, К. К, D. B. G, and 
M; this sequence would start again with the 
eleventh and twenty-first light, etc. The 
beacon on exhibit in the Museum once stood 
on a 60-foot-high tower on White Water 

Hill in California; it blinks two long and one 
short flash, the code letter “G,” indicating it 
was the ninth beacon from the origin of the 
airway. Los Angeles. 

The Douglas M-2 mailplane exhibited next 
to the beacon was one of a family of large 
biplanes built in the mid- and late-1920s by 
the Douglas Aircraft Company as a 
replacement for the venerable DH-4s used 
previously to fly the mails. The M-2 wasa 
fast, sturdy, dependable aircraft for its time. 
The Museum's Douglas M-2 was originally 
delivered to the Post Office Department in 
1926; Western Air Express acquired it in 
1927 and flew the plane approximately 914 
hours before it crashed on January 23, 1930. 
The plane was sold and, after passing 
through several owners' hands, was 
repurchased by Western Air Express' 
successor, Western Airlines, in 1940. The 
M-2 was restored to flying condition in 1976 
in time to celebrate Western Airlines' Fiftieth 
Anniversary, which was the record for the 
longest continuous airline service in the 
United States. 

Above the Douglas M-2 hangs the sporty 
Pitcairn PA-5 Mailwing, which was designed 
specifically for the shorter mail routes in the 
eastern United States. The aircraft's 
efficiency and economical operating costs 
stemmed from three factors: a clean, 
lightweight airframe (utilizing wooden wings 
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and easily fabricated square tubing in the 
fuselage—both fabric covered), the 
remarkably reliable Wright Whirlwind engine 
(the same type of engine used by Lindbergh's 
Spirit of St. Louis). and the Pitcairn-designed 
airfoil and pronounced dihedral in the lower 
wing which permitted a relatively high 
speed, stability, and load-carrying capability. 

The Mailwing's reputation was established 
on the New York—to—Atlanta mail- contract 
run flown by the Pitcairn Aircraft Company 
starting May 1, 1928, where by following the 
newly lighted airways between New York, 
Philadelphia, Baltimore, Washington, 
Richmond, and Atlanta the little Pitcairn 
Mailwings were able to make the 760-mile 
journey at night in seven hours—one-third 
the length of time it took by train. On 
December 1, 1928, Pitcairn Aircraft took over 
the Atlanta – Miami mail route, thereby 
creating the basic airline route upon which 
its successor, Eastern Air Transport (later 
Eastern Air Lines), would establish so 
successful a service. The Museum's Mailwing 
survived both a crash and use as a crop 
duster before being repurchased by Eastern 
Airlines employees. who restored it and 
presented it to Captain Edward V. 
Rickenbacker, who was the Eastern 
Airlines Company's president for so many 
years. 

Higher up against the hall's windows 
in Panagra markings hangs the somewhat 
later Fairchild FC-2 developed by Sherman 
Mills Fairchild as an efficient camera plane. 
Fairchild, an important designer, builder, 
and user of aerial cameras in the early 1920s. 
needed an airplane that provided a wide field 
of view for the pilot and photographer, 
stability for high-altitude work, and an 
ability to operate out of small, rough fields. 
The Fairchild FC-2 which resulted could 
carry five persons including the pilot, and it 
became a great success as a light transport 
in the rugged Canadian bush, the jungles 
and mountains of South America, as well as 
in the United States, where its duties were 
expanded to include airmail delivery, 
passenger flights, and freight hauling. This 
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A favorite with bush pilots, this Fairchild 
FC-2's wings could be folded within two 
minutes for easier storage and 
transportability. When the wings were 
unfolded the pilot was reassured that they 
were properly fastened because a large 
padlock hung down in clear view. 


The lovely 19305 Northrop Alpha flew fresh 
flowers from California to New York. 


airplane made the first scheduled passenger 
flight in Peru, flying from Lima to Talara on 
September 13, 1928, for Pan American-Grace 
Airways. On January 15, 1929, Richard E. 
Byrd's Fairchild FC-2W2, the Stars and 
Stripes, was the first airplane to fly in 
Antarctica; the aircraft was left in the ice at 
the end of the first expedition, later 
recovered , and flown again. 

The most unique feature of the Fairchild 
FC-2 was that two men could fold its 44-foot 
wings into a 13-foot unit within two minutes 
for easier storage and transportability. 
Unfolding took about the same amount of 
time. The pilot was reassured that his wings 
were locked in place by a large Yale padlock 
which would hang down in clear view. 

The silver monoplane with the TWA 
markings hanging between the Pitcairn 
Mailwing and the Fairchild FC-2 is the 
Northrop Alpha, one of the most beautiful 
airplanes in the Museum 's collection. 
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Designed by the legendary John K. "Jack" 
Northrop (who also designed Amelia 
Earhart's Lockheed Vega in the Pioneers 

of Flight gallery), the Alpha represents a 
transition in air transport design.Four 
passengers were enclosed in the snug, 
comfortable heated cabin while the pilot sat 
above and behind them in the open cockpit 
exposed to the elements in the traditional 
mailplane manner. The Alpha's advanced all- 
metal design included the Northrop 
multicellular cantilever wing, a semi- 
monocoque fuselage, and streamlined 

NACA cowling. The shaped fairings around 
the fixed landing gear provided drag 
reduction without the weight and complexity 
of a retractable undercarriage. Introduced in 
1930, the Alpha was designed to be a swift, 
dependable airplane that could carry 
passengers and freight out of small airfields. 
With the coming of the newer, larger twin- 
engined Boeing and Douglas transports in 


1933 and 1934, the Northrop Alphas were 
soon relegated to freight-carrying roles in 
which they flew coast-to-coast in 23 hours, 
bringing from California such exotic 
commodities as fresh-cut gardenias, 
silkworms, and serums to New York. 
Although the Alpha was in use for only a few 
years, its major importance lay in the 
advanced design concepts engineered by 
Northrop which were of fundamental 
importance in the construction of the 
Douglas DC-2 and DC-3. The Museum's 
Alpha was first owned by the Department of 
Commerce; its restoration was undertaken 
by TWA, for later exhibit in the National 

Air and Space Museum. 

Perhaps no aircraft has been the subject 
of more legends, admiration, and 
misconceptions than the Ford Tri-Motor, one 
of which hangs just in front of the DC-3. 
Affectionately known as the "Tin Goose," the 
Ford Tri-Motor was the largest civil aircraft 
in America when it started passenger service 
on August 2, 1926. William Stout, an 
extremely gifted and brilliant designer, had 
originally created a high-winged, three- 
engine, all-metal aircraft for Henry Ford that 
turned out to be so ugly. so awkward in the 
air, and so impractical that it was grounded. 
Ford then turned to his chief engineer 
William Mayo, the racing-boat designer 
Harold Hicks, Otto Koppen. John Lee. and 
James McDonnell (who later created the 
McDonnell Aircraft Corporation). "It was a 
committee," wrote Ernest K. Gann, "utterly 
dedicated to a single purpose—creating an 
aircraft that would be good enough to please 
Henry Ford and thereby save their collective 
necks. To that desire they gave all of their 
talents and took aid where and in any way 
they could find it." Gann continues: 


One clandestine effort was typical of their 
desperation. The first contemporary multi-motor 
aircraft was the Fokker F-VII, a three-engined, 
high-wing monoplane which had set many 
admirable long-distance records. By chance, 
Admiral Byrd, who had chosen a Fokker for his 
arctic expeditions, dropped In to Dearborn 
where his welcome was most gracious, and his 


Fokker hangared for the night. 

It was along night for the committee who 
spent most of it bending copper tubing into 
templates as thcy measured the shape of the 
Fokker's wing every foot of its length. Only a very 
few people were ever told of the night-long 
measuring party, certainly not Henry Ford. But 
those who did know were not surprised to 
discover a remarkable similarity between the 
metal airfoil of the Ford 4 A-T's wing anda 
certain aircraft of Dutch design. 


— Ernest К. Gann's Flying Circus, 
by Ernest K. Gann 


The Tri-Motor's all-metal construction, the 
implied massive strength of its thick wings, 
the prestige of the Ford name all combined 
with the pure lucky timing of its debut. This 
happily coincided with the world-wide love 
affair with aviation resulting from 
Lindbergh's same year New York-to-Paris 
flight and made the Ford Tri-Motor an 
immediate success with the public. 

Inertial starters activated the Ford's three 
engines. A mechanic or the co-pilot would 
insert a crank in each engine and, on signal, 
begin cranking. Slowly at first the heavy 
flywheel geared to the engine's crankshaft 
would turn and then as the speed increased 
and the flywheel began to whine at what 
sounded like full speed. 


the cranker pulled a cable which engaged a 
spring-loaded clutch thereby transmitting the 
energy of the spinning wheel to turn the engine. 
The squealing sound was almost identical to that 
displeasure emitted by a resentíul pig kicked in 
anger. If the oil was not too cold the propeller 
would turn at least three or four revolutions. 
Usually this was enough to start the engine, but 
if the pilot was not alert and missed the moment 
of truth with mixture and throttle, the crankee 
was obliged to start his labors all over again. 
Winding the cranks was very hard work and at 
times when the engines proved unaccountably 
balky there were impolite exchanges of opinion 
between cockpit and cranker. 

...life with and aboard the tri-motored Fords 
was far from ideal....Ford passenger cabins were 
always too hot or too cold and decibel level 
assured them a top place among the world's 
noisiest aircraft. Immediately on boarding, 
passengers were offered chewing gum which 
would allegedly ease the pressure changes on 
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The legendary Ford Tri-Motor's all-metal 
construction, suggesting great strength and 
safety. heartened the fledgling commercial 
aviation industry's early passengers. 


their eardrums during climb and descent, but it 
was just as much to encourage a cud-chewing 
state of nerves. They were also offered cotton 
which wise passengers stuffed in their ears so 
they would be able to hear ordinary conversation 
once they were again on the ground. ... 

In the first Fords there were no seat belts. Only 


hand grips were provided to stabilize passengers, 


and summertime flying could become a 
purgatory. While they bounced around in low- 
altitude turbulence the passengers muttered 
about "air pockets" and a high percentage 
became airsick. Even with a few windows open 
the cabin atmosphere developed a sourness 
which only time and scrubbing could remove. 

lf the passengers retreated to the lavatory they 
found little comfort at any season. In winter the 
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expedition became a trial-by-refrigeration since 
the toilet consisted of an ordinary seat with 
cover. Once the cover was raised for whatever 
purpose there was revealed a bombardier's direct 
view of the passing landscape several thousand 
feet below, and the chill factor in the 
compartment instantly discouraged any 
loitering. 

Even in smooth air flying a Ford became a 
chore if only because it was so difficult to keep in 
trim. The man who could coax a Ford into flying 
hands-off for even a few minutes was temporarily 
in luck and probably did not have any 
passengers. Even a normal bank in a Ford was 
an experiment in muscular coordination mixed 
with a practiced eye for anticipation since 
whatever physical input was directed to the 


controls a relatively long time passed before 
anything happened. To stop or reverse as desired 
any maneuver required a keen sense of 
anticipatory delay. In rough air these delays and 
willfulness were compounded, and just keeping 
the Ford straight and level became a workout. In 
a thunderstorm or line squall the pilots 
sometimes wondered who was in charge of 
affairs. 

In the devious way of legends the Ford has 
somehow emerged as a stable aircraft. In the 
sense that they were always controllable and 
therefore safe the recognition is true. but no 
more is deserved. Legend also has it that Fords 
could be landed in any small cow pasture, which 
was not so. particularly tf loaded. The ability lies 
somewhere in between, depending on many 


factors. including the hunger status of the pilot 
or airline. Takeoff performance was actually 
more remarkable than landing speeds, which 
were much higher than most historians seem 
inclined to acknowledge. Perhaps they do not 
realize that behind the more spectacular short- 
field stops made by Fords which actually touched 
down between 65 and 70 miles per hour, there 
was a grunting copilot pulling for all he was 
worth on the long [Johnson] bar which extended 
from the floor upward between the two cockpit 
seats. The bar activated the hydraulic brakes 
which in their own obstinate way gave airline 
mechanics perpetual trouble. 


—Ernest К. Gann's Flying Circus, 
by Ernest K. Gann 
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Ford Tri-Motor passengers sat on wicker 
seats chosen for their strength, lightness, 
and comfort. The first models of this plane 
carried twelve passengers, later models as 
many as fourteen at 110 mph. The most 
distinctive aspect of the aircraft was its 
rugged all-metal construction readily 
identified by its corrugated aluminum 
skin. Its only rival was the tri-motored 
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Fokker to whose design the Ford owed so 
much. But when one of these Fokkers 
crashed, killing Notre Dame's famous 
football coach, Knute Rockne. and blame 
for the crash was placed on the structural 
failure of the Fokker's wooden 
construction, the Ford Tri-Motor emerged 
as the unchallenged transport of that era. 
The Museum's Ford began its career on 


April 12, 1929, with Southwest Air Fast Montana crop-dusting company which 


Express (SAFE), a company bought out the also used it to fly a cargo route in Alaska 
following year by American Airlines, which before returning the Ford to Mexico. where 
flew the plane until retiring it in 1935. In it was sold again. By the time the Ford was 
1936 the Ford was sold to TACA reacquired by American Airlines it had 
International Airlines and flew in ended up parked beside a small airfield in 
Nicaragua for several years. From 1946 to Oaxaca, where someone had installed a 
1954 this Ford hauled passengers and woodburning stove inside it, stuck a 

cargo in Mexico, and then was sold to a chimney through its roof, and was using it 


The Boeing 247D, which entered service in 
1933, was the world's first truly modern airliner. 
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When United Airlines' huge order for these 
247Ds monopolized Boeing's production 
lines, competing airlines were forced to turn 
to other aircraft companies. Douglas’ 
response—the DC-1—was a design that 
rendered Boeing's airplane immediately 
obsolete. 


asliving quarters. American Airlines 
restored the Ford and flew it on publicity 
tours until donating it to the National Air 
and Space Museum. 

The Boeing 247D, the first truly modern 
airliner, was a pioneer whose clean lines 
readily distinguished it from the tri- 
motors and biplanes it had immediately 
rendered obsolete. When it entered service 
in 1933 its design features included low- 
wing all-meta! construction necessitating 
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a padded step in the middle of the 
passenger aisle beneath which the main 
wing spar was located. This inconvenience 
was accepted as a visible proof of the great 
structural strength of the plane. Its 
retractable landing gear was clean and 
simple; the wheels protruded slightly, 
thereby providing some protection should 
a wheels-up landing be necessary. And its 
550 hp Pratt and Whitney Wasp engines 
were supercharged to provide a top speed 


of 200 mph in later models. 

The Boeing 247D on display in the 
Museum placed third overall and second in 
the transport category in the 1934 
London-to-Melbourne MacRobertson 
International Air Derby during which it 
was piloted by Colonel Roscoe Turner and 
Clyde Pangborn. It made the 11,300-mile 
trip in 92 hours, 55 minutes, and 30 seconds 
elapsed time. NASM's 247D subsequently was 
used as a regular commercial transport by 


United Air Lines, which had ordered the 
first sixty 247s in 1932. This order fully 
tied up Boeing's production lines and 
effectively denied the use of that plane by 
any other airline. On May 22, 1933, when 
the new Boeing 247D went into service on 
the cross-country run. it made the flight 
from San Francisco to New York in 19% 
hours—knocking eight and a half hours 
off the previous 27-hour flying time. The 
original 247 had a cruising speed of 170 
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mph compared to the 110 mph speed of the 
Ford Tri-Motor then in general use. The 
tactic of preventing other airlines from 
purchasing the Boeing 247 worked to a 
disadvantage for United Air Lines since it 
forced TWA to go to Douglas for an aircraft 
that could compete. 

The all-metal skin of the Boeing 247 was 
anodized aluminum, which gave the 
airplane its gray color; but because the 
Museum exhibit's anodized skin was badly 
weather-worn, it was painted gray to 
protect it —except for the cowlings and 
vertical surfaces which, less worn, retain 
the original anodized finish. Museum 
visitors may notice that the airplane on 
display has two different markings: the left 
side is painted as it was when Roscoe 
Turner flew it in the London-to- 
Melbourne race, the right side carries the 
paint scheme it wore as a part of United 
Air Lines. 

Between the Ford Tri-Motor and the 
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Boeing 247D hangs the Douglas DC-3, the 
single most important aircraft in the 
history of air transportation. Almost every 
Museum visitor is familiar with it; many 
have flown in it as a commercial airliner or 
in its military C-47 version. Until 1934, 
airline passenger planes were either too 
slow or carried too few passengers to create 
much profit. The Boeing 247 carried only 
ten passengers and it was at about this 
time that airline companies could no 
longer depend upon airmail contracts for 
their primary source of income. When 
Transcontinental and Western Airways (to 
become TWA) ordered Douglas to develop 
an airplane capable of competing with the 
Boeing monopolized by United Air Lines, 
Douglas came up with the DC-1. On its 
maiden flight, July 1, 1933, the DC-1 
exceeded all of TWA's specifications. Only 
one DC-1 was built. On May 18, 1934, the 
first production DC-2 went into service 
with TWA on the Columbus — Newark route. 


It could carry fourteen passengers in 
comfort and it was fast. The DC-2 began 
its carcer by breaking the commercial New 
York-to-Chicago speed record four times 
in eight days. So many airlines ordered the 
DC-2 that Douglas had to carefully 
schedule deliveries. The beginnings of the 
"Great Silver Fleet" came when Eastern Air 
Lines ordered fourteen DC-2s for its New 
York-Miami route. In 1934, a KLM Royal 
Dutch Airlines DC-2 finished second in the 
London-to-Melbourne MacRobertson 
Derby by covering the distance in 90 hours 
and 17 minutes, almost three hours faster 
than the Boeing 247D hanging in the hall. 
Although the DC-2 resembled the Boeing 
247 in some ways, it offered major 
advantages: the overall design was 
aerodynamically cleaner, it used the more 
powerful Wright R-1820 engines (875 hp), 
had split-trailing edge flaps, and 
controllable pitch propellers. The DC-3 
came about when C.R. Smith, the 


The Douglas DC-3, the single most important 
aircraft in the history of air transportation —and 
the heaviest airplane suspended in the Museum. 


President of American Airlines, asked 
Douglas to build a larger version of the 
DC-2 that could be fitted with fourteen 
berths so that passengers could sleep on 
the long transcontinental flights. This 
version became the Douglas Sleeper 
Transport, the DST. The DST was not a 
financial success and was turned into the 
DC-3, which was identical except that 
instead of sleeping berths the aircraft was 
fitted with twenty-one seats. 

The DC-3's success was due to the fact 
that it was the first airplane in the world 
that could make money by hauling 
passengers only. The flying public liked the 
plane. Its 180 mph cruising speed was the 
fastest of its day, and it carried eleven 
passengers more than the Boeing 247 and 
in greater comfort. It was considered much 
safer than any previous transport. Pilots 
liked its stability, ease of handling. and 
single-engine performance. The airlines 
liked it because it was reliable and 


inexpensive to operate. By 1938, 80 
percent of all American commercial airline 
traffic was carried on DC-3s. And by the 
next year most of all the airline traffic 

in the world was carried on DC-3s. 

The DC-3 displayed in the Hall of Air 
Transportation made its last commercial 
flight on October 12, 1952, when it flew 
from San Salvador to Miami. By then it 
had flown more than 56,700 hours! The 
DC-3 has proved itself the most popular 
transport airplane ever built. 

Even though the engineering of the 
DC-3 was advanced for its day, 
uncertainties on the part of its designers 
led to the aircraft's being built much 
stronger than necessary. Much of its 
strength came from the multicellular 


The 1937 Beechcraft Model 18 had ihe longest production 


span of any aircraft in history—almost 33 years. 


stressed-wing construction devised by 
Jack Northrop. a technique employing 
many small formed-metal members rather 
than the until-then traditional rib-and- 
spar wing design. The redundancy of its 
strength made it possible for the DC-3 to 
operate under difficult conditions. During 
the war the military version of the DC-3, 
the C-47, was used by the thousands in 
every theater of the war. Affectionately 
nicknamed “Gooney Bird,” they were flown 
over the Hump. over Europe, in the Pacific. 
After the war, many of the surplus C-47s 
were converted back into civilian 
transports. Almost every warring power 
used the DC-3 or a license-built derivative. 
The Russians used C-47s supplied by 
lendlease and Lisunov LI-2s made in 


Russia; the Japanese built a series known as 
an L2D. Because post-war surplus made it 
possible to purchase a C-47 for a low price, 
innumerable small airlines were created 
with but one or two of these converted 
aircraft. Over 9,123 C-47s were built 
during the war, and there is probably not a 
nation in the world today where one 
cannot find at least one DC-3 still flying. 
On the floor of the hall rests a smaller 
twin-engine Beechcraft Model 18—an 
airplane that was first produced on 
January 15, 1937, and remained in 
production for almost thirty-three years, 
the longest production span of any aircraft 
in history. It was designed as a rugged, 
fast, easily maintained aircraft and was 
used by a large number of smaller airlines. 


Its greatest impact on general aviation lay 
in its use for many years as the most 
prestigious of the executive transports. 
During most of its more than thirty-two-year 
production it was considered the best 
small twin-engine transport in the worid. 
The ultimate development in large piston- 
engine airliners was the Douglas DC-7. 
American Airlines introduced this model 
on its New York -to-Los Angeles run on 
November 29, 1953, and it became the first 
airliner to offer non-stop service from either 
coast. The DC-7 cruised at 360 mph and 
was the fastest aircraft in service; as a 
result, eighteen different airlines ordered 
these planes. The nose section of the DC-7 
displayed in the Museum is from the 
American Airlines flagship Vermont. which 


Museum visitors enter the cockpit of American 
Airlines' DC-7 flagship Vermont. On November 29, 1953, 
a DC-7 became the first airliner to offer non-stop 
transcontinental service from either coast. 


15 


Interior view of the DC-7's cockpit. 


carried about 130,000 passengers in its 
almost 13,500 hours aloft. With the advent 
of the faster, turbine-engine-powered 
Boeing 7075, the piston-engine airliner 
became obsolete. 
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Should the Museum visitor wonder why 
the NASM does not exhibit a Boeing 747 
"Jumbo Jet," the answer is simple: the 
aircraft is so huge, it wouldn't fit. 


Aer passing through the Hall of Air 
Transportation, Museum visitors will often 
climb up to the balcony overlooking the DC-3 
and the Ford Tri-Motor hanging just out of 
reach, then continue along beneath the 
Wright 1909 Military Flyer to the balcony 
above the Milestones of Flight gallery where 
they can look through the open door of 
Lindbergh's Spirit of St. Louis into the 
cockpit at the panel whose instruments, 
Lindbergh wrote, during thelong night of 
flight "stare at me with cold, ghostlike eyes." 
But then the visitor will turn back, drawn by 
the seven very special aircraft spanning the 
years 1911 through 1977 that area part of the 
Pioneers of Flight gallery. In this gallery the visitor 
also finds documents and newsreel clips 
commemorating the Fiftieth Anniversary of 
Lindbergh's New York — to — Paris flight and a 
wall display honoring the many varied and 
important contributions to flight safety and 
research made possible by the Guggenheim 
family. And although the visitor cannot help 
being drawn to thelarger planes in this 
exhibit, no one who spends any time in this 
gallery emerges without a very special 
affection for that frail, canvas-covered Wright 
EX biplane, the Vin Fiz. It was in this 
machine that Calbraith Perry Rodgers 
completed the first transcontinental flight 
while attempting to win William Randolph 
Hearst's $50,000 prize offered to that person 
who completed the coast-to-coast trip in 
thirty days. 

Cal Rodgers, a tall, wiry, cigar-chomping, 
motorcycle-racing, daredevil descendant of 
two Naval heroes, had less than sixty hours 


Pioneers of Flight 


total flying experience when, on September 
17, 1911, he took off from Sheepshead Bay, 
Brooklyn, in the Vin Fiz on the first leg of his 
trip. He flew to Middleton. New York, where he 
landed and spent the night. The next 
morning he took off again and flew directly 
intoa tree, damaging his aircraft so badly it 
took three days for it to be repaired. (Duringa 
demonstration flight at Fort Myer, a Wright 
1909 Military Flyer hit a tree, but it took only 
four hours for its damage to be repaired.) 
Rodgers' attempt at the Hearst prize was 
sponsored by the Armour Company which, at 
that time, was manufacturing a grape- 
flavored soft drink called "Vin Fiz." Rodgers 
was paid $5.00 for every mile he flew with the 
Armour Company's soft drink's name 
emblazoned on his wing. When the Vin Fiz 
was repaired, Rodgers pushed stubbornly 
west, followed and occasionally led by a special 
three-car train carrying his wife, his mother, 
mechanics, some Armour representatives, 
and $4,000 worth of spare parts. Rodgers 
navigated using "the iron compass" (railroad 
tracks) whenever possible, but because he 
followed the wrong switch he once ended up 
in Scranton, Pennsylvania, rather than, as he 
had intended, Elmira, New York. During his 
leapfrog journey across the country Rodgers 
made sixty-nine stops— not all of them 
intentional. He crashed nineteen times, once 
suffered an in-flight run-in with an eagle, and 
his Vin Fiz was wrecked so many times that 
when he finally arrived in California enough 
spare parts had been used to completely build 
four planes, and the only pieces that remained 
oftheoriginal Vin Fiz in which hehad taken 
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Brown Brothers 


off from Sheepshead Bay were therudder 

and two struts fromthe wing. Rodgers, 
himself, finished the flight with his legin 

a cast and an ugly scar on his forehead. 

Cal Rodgers did not win the Hearst prize; he 
had, in fact, reached only Oklahoma when the 
thirty-day requirement ran out. But with the 
Armour Company's backing and his own 
pertinacity, Rodgers continued on from 
Oklahoma to Fort Worth and El Paso (he made 
twenty-three stops in Texas alone), then west 
to Tucson, and on to Pasadena. where 20,000 
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well-wishers celebrated his successful 
completion of the first trans-continental flight 
by draping him in an American flag even 
though the crossing had taken him forty-nine 
days. The in-flight time for Rodgers was 82 
hours and 2 minutes at an average speed of 
52 mph. It beat driving; don't forget in 1903 
when the first automobile traversed the 
United States it had taken sixty-five days. 
Four months after Rodgers reached Pasadena 
he was dead; during an exhibition flight he 
had crashed into the Pacific. 


The Wright EX Vin Fiz in which in 1911 cigar- 
smoking, ex-motorcycle racer Calbraith Perry 
Rodgers crashed nineteen times, made 69 
stops, and lost the Hearst $50,000 prize en 
route to completing the first trans-conttnental 
flight across the United States. 


The huge high-wing monoplane that 
dominates the Pioneers of Flight gallery is the 
Fokker T-2 in which United States Army 
Lieutenants Oakley G. Kelly and John A. 
Macready took off from Long Island's 
Roosevelt Field on May 2, 1923, and not quite 
twenty-seven hours later landed at Rockwell 
Field in San Diego, California, thus 
completing the first successful U.S. non-stop 
coast-to-coast flight. 

Kelly piloted the plane on take-off and 
Macready was given the honor of landing. The 


Wide World Photos 


pilots exchanged places five times during the 
flight —an extraordinary maneuver which 
required that one man fly the plane from the 
near-blind rear controls within the fuselage 
(there was vision only to the sides) while the 
other abandoned the open cockpit, folded 
down the back of his seat, then opened a 
small triangular panel, then slithered 
through the opening and on back. The pilot 
intherear would then snake his way forward 
tothe open cockpit and once he was seated in 
the cold and drizzle he would shake the wheel 
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In this giant Fokker T-2, Army 
Lieutenants Kelly and Macready completed 
the first successful non-stop U.S. coast-to- 
coast flight in 1923. 


to show he could now take over command. 
The Fokker T-2's first two attempts to cross 
the country had started in the west but 
because of the weight ofthe fuel-laden 
aircraft they could not gain enough altitude 
to climb over the mountains. The third and 
successful attempt was made by flying west 
from a take-offin the east. Here Lieutenant 
Macready discusses the successful flight: 


We took off from Long Island at about 11:30 in 
the morning. It took us about a mile, maybe a 
mile and a half, to get off, and our wheels were 
still on the ground when we came to the drop-off 
from Roosevelt Field to Mitchell Field. We went 
over the ledge and down. Kelly was taking it off 
andI was behind. I was wondering "Is it going to 
touch the ground? If it does, it's no use." But it 
maintained its flight and we just got over the 
hangars ahead. We had to keep from stalling and 
get just as much climb out of it as we could. Then 
we were over the water, near Staten Island, 
getting up around one hundred feet, maybe even 
alittle more than that. 

We got across the Alleghenies all right, but it 
began to get dark around Dayton, and it began to 
drizzle. You couldn't see anything but the lights 
of the cars on the highways, and we could only 
keep our compass from getting entirely out of 
control by checking tt with the highways.... We 
went over by St. Louts...and then we were over 
some mountains. As long as you can see some 
outside fixed point you can balance your plane 
and everything's О.К. But if you ve got nothing, 
you can't tell if you're upside down or how you 
are. I was flying then and there'd be times when 
you wouldn't get any outside point at all in the 
drizzle. We were over the Ozarks and 1 knew that 
if that kept up, I was just goIng to lose control of 
that plane. Then there'd be a light, some 
mountain cabin. Then you'd find you're cocked 
up on the side, but you're still going ahead. 
When you see that light, you can get yourself 
adjusted again. In Kansas we came out from 
under the storm. Then we could see the section 
lines and we could keep our course. 

The impression that you get when you're flying 
across and you see no lights is that you're alone, 
and of course, we didn't know exactly where we 
were....When we got out into Arizona the 
mountains were getting higher. We couldn't get 
over them so we had to deflect our course. We 
were just going over treetops, not very high, I'd 
say one hundred feet, something like that. Then 
we saw a place...a break in the mountalns, and 
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we came through...and then pretty soon І saw a 
little town. You can work out a pattern by the way 
the railroads come in. Then you check it with 
your map. The town was nothIng, but we were 
located. For the first time during the night we 
were located. the first time stnce St. Louis. 

Then we were over Tehachapis and then down 
over San Diego. Well, as 1 said, we had the 
impression that nobody was interested. Then we 
came gliding toward North Island, and we came 
pretty close over the U.S. Grant Hotel. We saw a 
bunch of people on top of the hotel waving sheets 
and so forth. We went on and landed at Rockwell 
Field, апа, of course, we were pretty tired when 
we got there. 


— Oral History Collection of Columbia University 


Nestled under the giant T-2's wing is 
another significant Army plane, a Douglas 
World Cruiser, one of two that completed the 
first successful around-the-world flight. By 
the end of World War I, the airplane had 
achieved a level of development whereby it 
had become a practical means for aerial 
exploration. By 1923 several long-range and 
endurance flights had succeeded and the 
goal of achieving an around-the-world flight 
was inevitable. Several pilots had tried or 
were preparing an attempt at this goal. The 
British had failed in 1922 and again in 1924. 
The Italians had failed then, too. But then on 
April 6, 1924, some of the United States Air 
Services’ best pilots took offin four Douglas 
World Cruisers (modified Douglas DT 
torpedo planes) and on September 28, five 
months and 27,553 miles later, two of the 
planes completed the circle and returned 
once more to Seattle. 

The flight’s route spanned major oceans— 
the Pacific for the first time—and 
encountered weather extremes ranging from 
arctic to tropical. Although much of the 
support and safety facilities were provided by 
the United States Navy and the Coast Guard, 
conditions were often primitive. Fuel was 
rowed out to the World Cruisers in 55-gallon 
drums and had to be hand-pumped into the 
aircraft. The Douglas World Cruiser #1, the 
Seattle, piloted by Major Frederick L. Martin 
with Sergeant Alva Harvey as crew flew into 
heavy fog and low ceilings after taking off 


from Kanatak, Alaska. and struck а 
mountain slope and crashed. The men 
fortunately were not seriously injured and 
their ten-day "walk-out" to civilization is a 
story almost as remarkable as the flight 
itself. The Douglas World Cruiser #3, 
Boston. was lost en route to Iceland when 


engine trouble necessitated a forced landing 
in the ocean. Although its crew was rescued, 


the aircraft had to be abandoned in the 
rough seas. 

Lieutenant Leslie P. Arnold, one of the 
four pilots successfully completing the 
circumnavigation of the globe, recalls the 
experience: 


The local papers inttmated that ¡here was not 
much hope that we would complete ihe journey, 
but as we circled over Seattle, i thought that 
ihere was at least a fifty-ftfty chance.... The 
airplane was a biplane and had a metai 
framework covered wiih linen: there was a 
single Liberty engine of 400 horsepower. The 
maximum cetling was around 8,000 feet so we 
had to fly under things instead of over them. 
There was just a small glass windshteld in front 
of us, probably six inches high and eighteen 


inches in width. It was no protection at ali unless 


you got way up under. It was noihing to have 
your shoulders wet through. They got iced up in 
no time at all. 

Nobody ever touched the planes save us. If an 
engine had to be changed, we changed it. We 


washed them, babied ihem, put them to bed. We 
did everything but sleep with them. Afier a flight 
we had a routine procedure which we followed. If 


the water connection had to be taped or 
shellacked, we dtd that—so we knew ii wasn't 
going io fali down on the next hop. Everybody 
was a mechanic and everybody was a flier. 

... We had a forced landing in the jungles of 


Indochina. We were flying down the coast when a 


spray of water hit us. We knew that something 
had gone wrong in the engine. It began to heat 
up ioo much. We landed in {һе mouih of a river 


to discover that one of the cylinders had cracked. 


The other boys landed alongside. We had to 

get a new engine, so they took off and weni 

io Tourane; Loweli Smith and I stayed in the 
airplane, sleeping on the wings. Finally, out of 
ihe darkness, came a Swedish voice. It was Erik 
Nelson [another one of the fliers]. He had made 
arrangements ihrough Standard Oil and the 


local tribes, and we were towed up the river to the 


capital of the French kingdom of Annam. It was 


an interesting ride, with the nattves in their 
sampans towing us. The chief was riding in his 
sampan with a parasol and with his favorite 
wives fanning him. 

The trip from iceland to Greenland was the 
most frightening. We were two planes by that 
time. Everything was fine for about one hundred 
miles when we ran into fog and drizzle. We kept 
circitng lower and lower untii we were jusi over 
the water. There we saw broken ice and drifting 
icebergs, but we were past the point of no return 
and we had io keep going. So we plowed through 
this. The icebergs and the fog are both a dirty 
gray color, and it was very difficult flying seventy- 
five or one hundred feet off the water. We would 
veer here and there; when you saw one ahead 
there was no way to go except up in the fog. 
Finally we turned io the wesi and found the 
shore of Greenland. Then we had one hundred 
mtles of clear weather and again ran tnto fog. We 
decided to stay on top this time, and kept our 
posttion by the mountain peaks. At last we 
arrived at a certain peak and thought the harbor 
should be under us. So we came down through 
the fog and landed in a nice itttle harbor. The 
second plane had not come tn, however, and we 
went about our routine maintenance work, 
never saying a word. We felt ioo bad to say 
anything. Bui after about half an hour we heard 
ihe unmistakabie noise of a Liberty engine. Then 
we had one of the finest parties Greenland had 
ever seen. 

Flying on from Greenland to Labrador. we got 
halfway across when iwo of our gas pumps 
failed—we had to pump the gas by hand. It got 
tiresome and my arm began to get numb. SoT 
thought the only way to do it was to use a 
combination of my belt and a handkerchtef 
around my neck like a sling and to pull it wtth my 
other hand. 1 did that for close to four hours. it 
was tiresome, but it beat the hell out of 
swimming. 


—-Oral History Collection of Columbia University 


Certainly one of the most beautiful planes in 
the Air and Space Museum's collection is the 
little black-fuselaged biplane with floats that 
hangs suspended near the back wall and the 
Vin Fiz. It is the Curtiss R3C-2, flown on 
October 25, 1925, by United States Army 
Lieutenant James H. Doolittle in the course 
of winning the Schneider Trophy Race 
(limited to seaplanes) at a speed of 232.57 
mph. The following day Doolittle set a world 
speed record over a straight course with the 
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A Douglas World Cruiser which in 1924 
successfully completed the first round-the- 
world flight. Four ofthese modified torpedo 
planes took off from Seattle on April 6, 1924— 
five months and 27,553 miles later two of 
them safely returned. 
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In this handsome, sporty Curtiss R3C-2, 
U.S. Army Lieutenant Jimmy Doolittle won 
the 1925 Schneider Trophy Race (limited to 
seaplanes) with a speed of 232.57 mph. 
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same plane at a top speed of 245.7 mph. 
As the Curtiss R3C-1 with a fixed wheeled 
landing gear, the racer had won the 
Pulitzer Race earlier that same year. The 
R3C-2 was the last biplane to win the 
Schneider Trophy. From 1926 on 
monoplanes dominated the races and the 
Supermarines, designed by R.J. Mitchell, 
whose innovations led to the great British 
fighters like the Spitfire of World War II, 
beat all other competitors. 

The other float plane in this gallery is the 
John К. Northrop- inspired Lockheed Sirius 
in which Charles A. Lindbergh and his wife 
Anne Morrow Lindbergh made two major 
flights in 1931 and 1933 to survey possible 
overseas airline routes in the early days of 
international air travel. The Lindbergh's 
1931 "North-to-the-Orient" flight—the first 
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east-to- west flight by way of the north—took 
them from Maine across Canada to Alaska 
and Siberia, over the Kurile Islands to Tokyo 
and finally to Lotus Lake near Nanking, 
China, and demonstrated the feasibility of 
using the "Great Circle" route to reach the 
Far East. 

Charles A. Lindbergh had described the 
flight as one with "no start or finish, no 
diplomatic or commercial significance, and 
no records to be sought": but for the first 
half of their journey the Lindberghs flew 
where no airplane had flown before. The 
Sirius was equipped with Edo pontoons 
since the majority of their trip would be over 
water, and they wore electrically heated 
flying suits against the arctic cold. As one 
might anticipate of any journey across the 
ice packs to the Seward Peninsula, the 


frozen Bering Straits to Siberia and down 

to Japan, the Lindberghs encountered 
terrible weather and flying conditions. 
Charles Lindbergh, with typical foresight, 
had arranged for fuel dumps at their 
rendezvous points along their route. But 
finding them could be difficult. Anne 
Lindbergh was the radio operator and 
navigator. She was responsible for keeping 
the outside world in touch with their 
progress, and it was often very trying for her 
tolocate a radio station, tap out a Morse Code 
message and acknowledge the reply before 
she would have to haul in the antenna 
because her husband had found a hole in 
the clouds and could get low enough to 
confirm a reference point. Anne Lindbergh 
reported that the greatest compliment she 
had received on this flight was from another 


During a stop in Greenland, the Lindberghs' 
Lockheed Sirius was christened 
Tingmissartoq (“the man who flies like a big 
bird”) by an Eskimo boy. 


radio operator who had congratulated her on 
her skill in sending and receiving messages, 
saying, "no man could have done better.” 
The Lindberghs were offered the 
hospitality of the British aircraft carrier 
Hermes, which was anchored in the Yangtze 
River off Shanghai. At night the Sirius would 
be lifted out of the swollen river's raging 
current and the Lindberghs would sleep on 
board—Anne Lindbergh being the first 
woman ever permitted to do so. But. putting 
the Sirius back in the water one morning. 
the current caught the aircraft. Both 
Lindberghs were in the cockpits and as the 
current swung the plane, tipping it, the 
crane's cable caught against the Sirius' wing 
and their plane began to roll under. 
Lindbergh yelled to his wife to jump. He 
waited just long enough to see that she had 
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In 1932, with this Lockheed Vega, Amelia 
Earhart made the first solo flight by a woman 
across the Atlantic. 


In 1937, Amelia Earhart disappeared over 
the Pacific while attempting a round-the- 
world flight. 


surfaced safely, then he jumped into the river 
too. They were rescued by a tender, but the 
Sirius was too damaged to continue its flight 
and had to be returned to the United States 
for repairs. 

Charles and Anne Lindbergh's next 
journey in the Sirius, which had been 
overhauled and refitted with a larger engine, 
was in 1933. Lindbergh was serving then as 
a technical advisor for Pan American 
Airways. With Anne Lindbergh again 
working as the navigator and radio operator, 
they took off from New York in July and flew 
up the eastern coast of Canada to Labrador, 
then 650 miles across the water to Greenland. 
While there, a young Eskimo boy painted 
the word “Tingmissartoq (meaning “the man 
who flies like a big bird") on the Sirius 
fuselage. From Greenland the Lindberghs 
flew their newly christened plane to Baffin 
Island and back before going on to Iceland. 
From Iceland, the Lindberghs flew to the 
major cities of Europe as far east as Moscow, 
then down the west coast of Africa, where 
they crossed the South Atlantic and flew 
down the Amazon River before turning north 
through the Caribbean and on back to the 
United States, where on December 19 they 
landed in New York. They had traveled some 
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30,000 miles across four continents, visited 
twenty-one countries, and gained invaluable 
information toward the planning of north 
and south Atlantic commercial airline 
routes. Their flight was an incredible 

one for that period of aviation; they had 
encountered the worst possible hazards and 
flying conditions: blizzards, sandstorms, 
hurricanes, arctic cold and tropical heat. 
Anne Lindbergh again displayed 
extraordinary skill as a navigator and radio 
operator: in one instance a Pan Am radio 
operator after transmitting a 150-word coded 
message to her through heavy static was 
heard to remark, "My God, she's got it!” One 
additional benefit of the flight had nothing 
to do with aviation, but was of importance to 
the Lindberghs; it gave them things to worry 
about, plan for, and cope with that could 
permit them time to recover from the brutal 
February, 1932, kidnap-murder of their 
firstborn son. 

That beautiful bright red Lockheed Vega— 
another John К. Northrop design— was used 
by Amelia Earhart during two historic flights 
in 1932: the first solo flight by a woman 
across the Atlantic, and the first solo flight 
by a woman across the United States. In 
1935 she flew a similar Vega to become the 
first person— тап or woman—to fly solo 
from Hawaii to the mainland ofthe United 
States. 

Amelia Earhart had become interested in 
aviation in 1918 when she witnessed an 
exhibition of stunt flying while serving as a 
Red Cross nurse's aide in Canada. In June, 
1928, she had become internationally 
famous overnight when she was the first 
woman to fly across the Atlantic, but she had 
been only a passenger and suffered the 
frustration of never once during the 20 hour 
and 40 minute flight being permitted to 
touch the controls. Although the world 
lavishly praised her courage in having made 
this flight, Amelia Earhart pointed out, “The 
bravest thing I did was to try to drop a bag of 
oranges and a note on the head of an ocean 
liner's captain—and I missed the whole 
ship.” Determined to prove she could make 


the Atlantic crossing by herself, Amelia 
Earhart took off on May 20, 1932, from 
Harbor Grace, Newfoundland, and 
immediately ran into bad weather. Ice 
accumulated on her bright red Vega's wings 
and at one point the weight of the ice forced 
her into a 3,000-foot uncontrollable descent. 
She did finally manage to level out when the 
warmer air near ihe ocean's surface cleared 
the ice, but it wasn't until 14 hours and 52 
minutes of having fought heavy storms and 
terrible fatigue that she landed in a field in 
Northern Ireland, 2,026 miles from her 
starting point. She was, of course, celebrated 
upon her return but instead of basking in 
admiration she prepared for her second 
flight, the first woman's solo non-stop 
transcontinental hop. 

Amelia Earhart, in the same Vega, took 
off from Los Angeles. on August 24, and 19 
hours and 5 minutes later landed in Newark 
having covered the 2,448-mile distance at an 
average speed of 128% mph. The Vega was the 
first airplane built by the Lockheed Aircraft 
Company and established its tradition for 
excellence in design. 

In 1937, Amelia Earhart and her navigator 
Fred Noonan lost their lives while attempting 
a round-the-world flight in a twin-engined 
Lockheed Electra. Noonan and Miss Earhart 
had reached New Guinea in late June of that 
year and their next stop was to be Howland 
Island, a tiny dot 2,556 miles across the 
South Pacific. Noonan had reported having 
trouble setting his chronometers, time 
pieces whose accuracy is essential in 
determining longitudinal measurements 
during navigation over water. But ignoring 
Noonan's misgivings, Amelia Earhart and 
her navigator took off from New Guinea on 
July 2 and headed west. The Itasca, a United 
States Coast Guard vessel stationed at sea 
near Howland Island, received radio 
messages from Miss Earhart and Noonan 
reporting strong headwinds and heavy fuel 
consumption. A final fragmentary message 
was received indicating that the Electra was 
off course, lost. Then no further messages 
were received and the radio was silent. No 


trace of the aircraft or its crew has ever been 


found. 
The Gossamer Condor became the newest 


addition to the Pioneers of Flight gallery by 
achieving one of mankind's oldest dreams: 
sustained, maneuverable man-powered 
flight, and thereby won the £50,000 Kremer 
Prize established in 1959 by British 
industrialist Henry Kremer and 
administered by the Royal Aeronautical 
Society of Great Britain. The open 
competition's rules were clearly defined: 


The course shall be a figure of eight, embracing 
two turning points, which shall be not less than 
half a mile apart. 


The machine shall be flown clear of and outside 
each turning point. 


The starting line, which shali also be the 
finishing line, shall be between the turning 
points and shall be approximately at right angles 
to the line joining the turning points. 

The height, both at the start and the finish, shall 
be not less than ten feet above the ground; 
otherwise there shall be no restriction in height. 


The machine shall be in continuous flight over 
the entire course. 


It was also understood that all take-offs had 
to be from approximately level ground and in 
winds not exceeding ten knots. 

According to legend, of course, the first 
attempt at man-powered flight occurred in 
ancient Greece when the Athenian architect 
Daedalus fashioned wings out of feathers 
and wax so that he and his son Icarus might 
escape from King Minos’ labyrinth on Crete. 
The flight ended tragically when Icarus flew 
too close to the sun and the wax holding his 
feathers melted. Still, for centuries inventors 
have experimented with various forms of 
self-propelled aircraft. Some were totally 
absurd, some were designs that were too 
impractical ever to emerge off the drawing 
board, but others provided major 
advancements in the field. The most obvious 
problem was the power-to-weight ratio, but 
others were the structural efficiency of the 
design and the ability of the pilot to control 
his craft. 
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The Gossamer Condor s 
96-foot wingspan and 
incredibly light weight of 
70 pounds enabled it to 
become in 1977 the world's 
Jirst successful sustained, 
maneuverable man- 
powered flying machine, 
thereby winning for its 
inventors a $50,000 prize. 


Britain's Hawker-Siddeley engineers 
constructed the Puffin, a man-powered craft, 
in 1961 that the following year flew 993 yards 
before crashing. It was rebuilt as the Puffin II 
but crashed again and the designers 
abandoned the project. In 1967 a Japanese 
team from Nihon University constructed a 
series of man-powered aircraft with some 
success. Their Linnett II had a 73.17-foot 
wingspan, and on February 19, 1967, it flew 
299 feet. The major problem with the Linnett 
II lay in the difficulty its designers had in 
constructing a torque shaft of sufficient 
strength and lightness that was still capable 
of driving the propeller mounted in their 
flying machine's tail. Portions of the ill-fated 
Puffin II re-emerged in the Liverpuffin. a 
project of Great Britain's University of 
Liverpool. Liverpuffin made a short flight in 
1972. ё had a wingspan of 65 feet and 
weighed 125 pounds. The Liverpuffin's best 
feature was the ease with which it could be 
assembled and disassembled. In 1973 an 
English two-place man-powered aircraft 
called the Toucan flew 700 yards. In 1974 the 
French constructed the Hurel Aviette, a huge 
132-foot wingspan man-powered aircraft 
with outrigger airfoils that flew 1,093 yards. 
Joseph A. Zinno of North Providence, Rhode 
Island, was the first American to achieve 
success with man-powered flight. His Zinno 
ZB-1 weighed 150 pounds and had a 78-foot 
wingspan. The ZB-1 was made of aluminum, 
balsa wood, and thin plastic sheeting. It was 
powered by bicycle pedals connected by 
chain to a balsa propeller located behind the 
cockpit. The Zinno ZB-I flew about 26% 
yards at an altitude of one foot. In 1977 the 
Japanese built a man-powered aircraft called 
the Stork that flew I.3 miles in a straight 
line. And then that same year the Gossamer 
Condor successfully completed the world's 
first sustained, maneuvered man-powered 
flight. 

Paul B. MacCready. Jr., the designer of 
the Gossamer Condor, built his 96-foot 
wingspan craft with thin aluminum 
tubes covered with plastic and braced by 
stainless-steel wires. The leading edges of 
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This Grumman Gulfhawk II, first flown in 
1936, was one of the most exciting aerobatic 
aircraft of all time. It is now on display at the 
Museum s restoration and storage facility at 
Silver Hill, Maryland. 
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the wings are made with corrugated paper 
and styrene foam. MacCready was able to 
keep the weight of his machine down to an 
incredible 70 pounds. 

At 7:30 in the morning on August 23, 
1977, pilot Bryan Allen seated himself in a 
semi-reclining position in the "cockpit" of 
the Gossamer Condor and began pedaling 
with his feet. With one hand he gripped the 
handle that controlled both the craft's 
vertical and horizontal movement and with 
his other hand he operated the lever, located 
beside the seat, which was connected to the 
control wires that "warped" the wings. The 
Gossamer Condor rose slowly and gently 
off Shafter Airport in California and landed 
7 minutes and 27.5 seconds later, having 
successfully negotiated the figure-8 course 
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around the pylons placed one-half mile apart 
and the ten-foot-high hurdles at either end. 
The Gossamer Condor flew a total of 1.35 
miles between take-off and landing at a 
speed of between 10 and 11 mph. One 
advantage the Gossamer Condor had over 
previous man-powered craft was the ease 
with which its structure could be repaired 
and its design modified; this enabled its 
designers to test the craft extensively and 
make alterations and repairs where needed. 
The Gossamer Condor's flight proved that 
unassisted take-offs and sustained flight 
with turns and climbs were possible, and the 
designers in the field could now turn their 
attention to refining man-powered flight and 
to finding practical applications for its use. 


Опе of the more popular planes of the 
1930s was this Stinson SR-10 Reliant. 
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Maryland, was America's first line of air 
defense in the mid- and late 1930s. 
Nicknamed the "Peashooter," the P-26 was 
the first all-metal American fighter and the 
last to have an open cockpit, fixed landing 
gear, and externally braced wings. 
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This Boeing P-26A fighter, now at Silver Hill, 
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BALLOONS 
AND AIRSHIPS 
WORLD WAR I 
AVIATION 


Balloons and 


Еау knows hot air rises; still, visitors 


to the Balloons and Airships gallery seem 
momentarily stunned to see the principle in 
action right at the entrance, but soon they 
become drawn by one of the most colorful 
and striking exhibits in the gallery: the large 
facsimile of the Montgolfier balloon in which 
one hundred and twenty years before the 
Wright brothers achieved powered flight at 
Kill Devil Hill, two daring Frenchmen, 
Pilátre de Rozier and the Marquis 
d'Arlandes, made the first sustained aerial 
flight. The Montgolfier hot-air balloon in 
which this ascent was made was 70 feet high 
and 46 feet in diameter; the balloon's 
covering was blue cotton cloth embroidered 
in gold with lions' heads, eagles. 
anthropomorphized suns, the ornamental 
devices of that era, and signs of the zodiac. 
The hot air that made the 1,600-pound 
balloon lift was furnished by the heat rising 
from dry straw burned on an iron grate 
directly beneath the open neck of the huge 
balloon. When Pilátre de Rozier expressed 
his intention of making the first manned 
ascent, Louis XVI thought the plan so 
foolhardy and the risk so great that he 
proposed that two prisoners already 
condemned to death and not de Rozier should 
make that first attempt. Pilátre de Rozier 
was appalled that "two vile criminals" might 
be granted "the first glory of rising into the 
sky" and when the Marquis d'Arlandes 
interceded with the king in de Rozier's behalf, 
offering as a gesture of his faith in the 
Montgolfier balloon's safety to accompany 
de Rozier on the voyage, Louis XVI relented. 
The Marquis d'Arlandes, the world's first 
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flying passenger, later wrote a friend the 
following account of man's first free flight in 
a hot-air balloon: 


We went up on the 21st of November. 1783, at 
near two o'clock. M. Rozier on the west side of 
the balloon, I on the east. The machine, say the 
public, rose with majesty.... 

I was surprised at the silence and absence of 
movement which our departure caused among 
the spectators, and believed them to be 
astonished and perhaps awed at the strange 
spectacle...I was still gazing when M. Rozier 
cried to me— 

"You are doing nothing, and the balloon is 
scarcely rising a fathom." 

"Pardon me." I answered. as І placed a bundle 
of straw upon the fire and slightly stirred it. 
Then 1 turned quickly, but already we had 
passed out of sight of La Muette. Astonished I 
cast a glance toward the river. I perceived the 
confluence of the Oise. And naming the 
principal bends of the river by the places 
nearest them. I cried, "Passy, St. Germain, 

St. Denis, Sevres!" 

“If you look at the river in that fashion you will 
be likely to bathe in it soon," cried Rozier. 
"Some fire, my dear friend, some fire!" 

We traveled on...dodging about the river, but 
not crossing it. 

“The river is very difficult to cross,” 1 
remarked to my companion. 

"Soit seems," he answered; "but you are 
doing nothing. I suppose it is because you are 
braver than 1, and don't fear a tumble." 

I stirred the fire, 1 seized a truss of straw with 
my fork; I raised it and threw it in the midst of 
the flames. An instant afterward I felt myself 
lifted as it were into the heavens. 

“For once we move,” said I. 

At the same instant I heard from the top of the 
balloon a sound which made me believe that it 
had burst. I watched, yet 1 saw nothing. My 


A model of de Rozier's 70-foot-tall hot air 
Montgolfier balloon (1783). 


companion had gone into the interior, no doubt 
to make some observations. Ás my eyes were 
fixed on the top of the machine I experienced a 
shock. and it was the only one I had yet felt. The 
direction of the movement was from above 
downward. 1 then said, 

"What are you doing? Are you having a dance 
to yourself?" 

"I'm not moving.” 

"So much the better. It is only a new current 
which I hope will carry us from the river," I 
answered. 

I turned to see where we were, and found we 
were between the Ecole Militaire and the 
Invalides. 

"We are getting on," said Rozier. 

"Yes, we are traveling." 

"Let us work, let us work," said he. 

I now heard anoiher report in the machine, 
which I believed was produced by the cracking 
of a cord. This new intimatlon made me 
carefully examine the inside of our habitation. I 
saw that the part that was turned toward the 
south was full of holes, of which some were ofa 
considerable size. 

"]t must descend." I then cried. 

"Why?" 

"Look!" I said. Ai the same time I took my 
sponge and quietly extinguished the little fire 
that was burning some of the holes within my 
reach: but at the same moment I perceived that 
the bottom of the cloth was coming away from 
the circle which surrounded It. 

"We must descend," I repeated to my 
companion. He looked below. 

"We are upon Paris." he said. 

"It does not matter,” I answered. "Only look! Is 
there no danger? Are you holding on well?" 

"Yes." 

I examined from my side, and saw that we had 
nothing to fear. I then tried with my sponge the 
ropes which were within my reach. All of them 
held firm. Only two of the cords had broken. 

I then said, "We can cross Paris." 

...]then threw a bundle of straw on the fire. 
We rose again, and another current bore us io 
the left. We were now close to the ground. 
between two mills. As soon as we came near the 
earth I raised myself over the gallery. and 
leaning there with my two hands. І felt the 
balloon pressing softly against my head.I 
pushed it back, and leaped down to the ground. 
Looking around and expecting to see the 
balloon still distended, I was astonished to find 
it quite empty and flattened. On looking for 
Rozier 1 saw him in his shirt sleeves creeping 
from under the mass of canvas that had fallen 


144 


over him. After a deal of trouble we were at last 
all right. 

—The Saga of Flight, 

ed. by Neville Duke and Edward Lanchbery 


Ten days after Pilátre de Rozier and the 
Marquis d'Arlande's flight, Professor J.A.C. 
Charles made the first free ascension ina 
hydrogen balloon incorporating many of the 
essential features of modern balloons. 
Professor Charles and a companion—-one of 
the Robert brothers who had earlier shown 
Charles how to construct a balloon capable of 
containing the hydrogen within its envelope 
through coating its silk covering with 
rubber—took off in an elaborately gilded 
wicker-work car suspended beneath their 
small candy-striped balloon from the 
Tuileries Gardens. Their balloon, equipped 
with food, extra clothing. scientific 
instruments, and ballast bags of sand, rose 
swiftly 800 feet into the air as Professor 
Charles and Monsieur Robert waved flags to 
the assembled crowds below. Professor 
Charles, who was able to control the ascent 
and descent of his balloon by dumping 
ballast and by opening a crude valve at the 
top of the balloon that permitted the 
hydrogen to escape, thus quickly proved the 
superiority of the gas or hydrogen-filled 
Charliéres over the slow, fire-breathing, 
clumsy hot-air Montgolfiéres. In the two- 
hour flight the balloon was carried by the 
wind twenty-seven miles from Paris to Nesle 
where, at dusk, the two men brought 
themselves gently down to the ground. 
Monsieur Robert got out and Professor 
Charles decided to make one more ascent; 
the balloon lightened now by one less 
occupant, sprang up to 9,000 feet, and 
Charles became the first man to see the sun 
set twice in one day. But because of the cold 
anda sharp altitude-pressure pain in his 
ear, Professor Charles descended soon after. 
The story is told that Benjamin Franklin, 
while visiting Paris that same year, 
witnessed one of the first balloon ascents. 
Many of those about him saw no practical 
value in the flights, and a French Army officer 


A model of J.A.C. Charles’ hydrogen-filled balloon (1783). 


present with Mr. Franklin although 
impressed by the balloon's beauty and value 
as a toy asked, “But of what use is it?” 
Franklin, who was always quick to 

appreciate the potential significance of any 
new scientific experiment,is supposed to have 
replied, “Of what use is a new-born baby?" 

These first balloon adventures generated 
the most enormous excitement—an 
excitement which might be difficult for us to 
understand today; but if one strolls through 
the gallery and looks at some of the snuff 
boxes, prints, tapestries, inlaid furniture, 
cabinets, china and enamels all with 
ballooning motifs, it may help to understand 
that balloons were in their time a craze 
comparable, say, to the Beatles. 

A puppet theater in this gallery reenacts 
the dramatic 1785 aerial crossing of the 
English Channel for the first time by two of 
the least convivial aeronauts in history: the 
French pilot Jean-Pierre Blanchard and his 
American-born patron and passenger 
Dr. John Jeffries. Blanchard had become 
interested in flight in 1777 when he began 
experimenting with parachutes. In 1781 he 
built a "flying chariot," a man-powered 
ornithopter with four beating wings that, of 
course, did not fly. But with the success of 
theCharliere balloons he gave up heavier- 
than-air flight and concentrated his 
attention on ballooning and made several 
successful ascents. Dr. John Jeffries was so 
taken by Blanchard's triumphs that he was 
determined to make a flight with Blanchard 
across the English Channel—so determined, 
in fact, that as Jeffries later wrote in his 
A Narrative of the Two Aerial Voyages of 
Dr. Jeffries, published in London in 1786, "I 
agreed with M. Blanchard in consideration 
of my engaging to furnifh him with all the 
materials and labour to fill the Balloon; and 
to pay all the expenfes of tranfporting them 
to Dover." There, while waiting for more 
auspicious weather, Blanchard, who wanted 
the honor of making the first Channel 
crossing all to himself, made every effort to 
get rid of Jeffries. Blanchard secretly 
attached a heavy lead girdle to himself under 
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his coat to show, as Jeffries wrote, "from the 
incapacity of the Balloon, it was madnefs to 
attempt the experiment with two perfons, 
unlefs the Balloon could carry an hundred 
pound weight of ballaft. The pretended 
friends of M. Blanchard, his Countrymen, 
publicly circulated fuch reports of my having 
declined the enterprize, as occafioned my 
being repeatedly infulted while preparing for 
our experiment." The quarrel was resolved 
only when the Governor of Dover Castle 
intervened and heard Dr. Jeffries explain 
how he had paid all of Blanchard's London 
debts thereby alone making it possible for 
Blanchard "to purfue this experiment," and 
that Jeffries had even agreed "in case of 
neceffity on our paffage, I would get out of 
the Car for his prefervation." Furthermore. 
Jeffries explained to the Governor, he "was 
refolved to undertake the Voyage at all 
events, without M. Blanchard, unlefs he 
thought proper to accompany me, without 
further artifice or objection; as I was fully 
fatiffied of the practicability of the plan." 

At one in the afternoon on January 7, 
1785, Blanchard and Jeffries lifted off for the 
coast of France. With them in the car 
suspended beneath the balloon were “three 
facks of fand ballaft, of ten pounds each; a 
large parcel of pamphlets. two cork jackets, a 
few extra cloaths of M. Blanchard; a number 
of inflated bladders, with two fmall anchors 
or grapnels, with cords affixed, to affift our 
landing." Attached to the car was a 
moulinet—a hand-cranked propeller and 
some aerial oars. The balloon "rofe flowly and 
majeftically" over the edge of the Dover cliff 
then, as thousands watched, drifted slowly 
out to sea and "paffed over feveral veffels of 
different kinds, which faluted us with their 
colours, as we райеа them; and we began to 
overlook and have an extenfive view of the 
coaft of France; which enchanting views of 
England and France being alternately 
prefented to us by the rotary and femicircu- 
lar motion of the Balloon and Car greatly 
increafed the beauty and variety of our 
fituation." 

When Blanchard and Jeffries had reached 


2,000 feet thirty minutes into their voyage, 
the balloon had swollen to its utmost extent 
and it became necessary to vent some of the 
gas. Twenty minutes later it became obvious 
they had released too much for Jeffries 
"found we were defcending faft." They cast 
out one and a half sacks of ballast and the 
balloon steadied; but with two-thirds of the 
Channel still to cross, their balloon began to 
lose altitude again, and they "were obliged to 
caft out the remaining fack and an half of 
ballaft. facks and all: notwithstanding 
which, not finding that we rofe, we caft out a 
parcel of pamphlets, and in a minute or two 
found, that we rofe again." 

At two-fifteen they had to throw overboard 
the remaining pamphlets. At two-thirty, 
Jeffries "found we were again defcending 
very rapidly... We immediately threw out all 
the little things we had with us, fuch as 
bifcuits, apples, &c. and after that one of our 
oars or wings: but ftill defcending, we caft 
away the other wing, and then the governail 
...and unfcrewing the moulinet, I likewife 
caft that into the fea..." The balloon 
continued to lose altitude so "we cut away all 
the lining and ornaments, both within and 
on the outfide of the Car and...threw them 
into the fea." Overboard next went their only 
bottle of cognac, the anchors and cords; "but 
ftill approaching the fea, we began to ftrip 
ourfelves, and caft away our cloathing, M. 
Blanchard firft throwing away his extra coat 
...after which 1 threw away my only coat; 
and then M. Blanchard his other coat and 
trowfers: We then put on...our cork jackets, 
and prepared for the event," a crash landing 
into the sea. 

At last, as they neared the coast of France, 
their balloon again began to rise—higher in 
fact than it had reached before and as a 
result "from the lofs of our cloaths, we were 
almoft benumbed with cold." The wind had 
increased and the two intrepid voyagers soon 
found themselves descending again and fast 
approaching a forest. Over land at last they 
cast away their cork life preservers but "we 
had now approached fo near to the tops of 
the trees of the foreft, as to difcover that they 
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In 1785, Jean Pierre Blanchard and Dr. John 
Jeffries, two of the least convivial aeronauts 
in history. made the first crossing by air 


of the English Channel. 


were very large and rough, and that we were 
defcending with great velocity towards 
them." There was nothing left for them to 
throw overboard and then it suddenly 
occurred to Jeffries “that probably we might 
be able to fupply it from within ourfelves, 
from the recollection that we had drunk 
much at breakfaft, and not having had any 
evacuation...that probably an extra quantity 
had been fecreted by the kidneys, which we 
might avail ourfelves by difcharging. 1 
inftantly propofed my idea to M. Blanchard, 
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The dirigible USS Macon dwarfs its Sparrowhawk defensive fighter 


preparing to begin hook-on maneuvers below. 


A close-up of a Curtiss F9C-2 Sparrowhawk 
with the airship's trapeze gear above. 
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and the event fully juftified my expectation; 
... however trivial or ludicrous it may feem, 1 
have reafon to believe [the act] was of real 
utility to us, in our then fituation; for by 
cafting it away. as we were approaching fome 
trees of the foreft higher than the reft, it fo 
altered our courfe, that inftead of being 
forced hard againft, or into them, we paffed 
along near them...as enabled me to catch 
hold of the topmoft branches of one of them 
and thereby arreft the further progrefs of the 
Balloon." Branch by branch Jeffries and 
Blanchard guided the balloon to an open 
spot where they could let it sink to the 
ground. They landed with what must have 
been the most enormous relief about twelve 
miles inland from Calais and the open sea; 
and thus completed the first crossing of the 


English Channel by air. It would be almost 
125 years before the Channel would be 


crossed by a heavier-than-air flying machine; 


a Frenchman would be at the controls then, 
too: Louis Blériot on July 25, 1909, crossed 
the twenty miles of open water in a 
monoplane of his own design in thirty-seven 
minutes. 

As the visitor passes among the exhibits 
within the Balloons and Airships gallery, he 
begins to realize the uniqueness of lighter- 
than-air flight. From the free-floating 
Montgolfiéres and Charlieres that led to the 
lovely sweep of sport ballooning now making 
such an extraordinary comeback, he can 
see balloons that are used to gather 
meteorological data and high-altitude 
research gondolas as well. A diorama depicts 


A cut-away model of a Macon-class dirigible 
showing its rigid frame construction. 


the use of balloons in war from the Battle of 
Fleuris in 1794 to U.S. Navy blimps that 
made anti-submarine patrols in the Pacific 
during World War П. One of the most 
interesting of the exhibits is the tiny 
Sparrowhawk, a Curtiss F9C-2 scouting 
fighter biplane that was carried in its belly as 
protection by the Navy's 1930s giant Macon 
airship. But the exhibits that seem most to 
capture the gallery visitor's attention are 
those pertaining to the Hindenburg, the last 
passenger-carrying Zeppelin. 

Toward the end of the nineteenth century 
enough had been learned about structures, 
streamlining, power plants, and control 
devices to construct powered balloons or 
airships that could be flown successfully. On 
October 19, 1901, Santos Dumont, a 
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Open latticework dirigible construction gave strength with minimum weight. 


d not sacrifice elegance in favor of lightness. 


The Hindenburgs place settings di 


wealthy Brazilian heir to a coffee fortune who 
had emigrated to France and built the most 
advanced one-man, gasoline engine-powered 
dirigible, won the coveted Deutsch prize for 
having the first dirigible or airship capable of 
navigating from the Aéro Club at St. Cloud 
around the Eiffel Tower and back within 
thirty minutes. Although he covered the 
seven-mile distance in 30 minutes and 40 
seconds, it was good enough to make him a 
hero. But it wasn't until Count von Zeppelin 
of Germany—an avid balloonist who 
recognized the enormous reconnaissance 
potential of dirigibles as well as the 
structural and weight-carrying limitations of 
the blimps then being built—that a 
sensational breakthrough in dirigible design 
was achieved by creating motorized airships 
with a rigid construction. The lifting gas 
bags or balloons were contained within and 
fastened to a rigid, aluminum-girdered 
external skeleton covered by fabric. The 
control cabin, engines, and maneuvering 
surfaces were distributed along and 
suspended from this load-carrying frame 
thereby not only making higher speeds 
possible, but eliminating as well the 


A replica of the Hindenburgs control cabin 
made for a motion picture about the Hindenburg. 


Passengers on the 804-foot-long Hindenburg paid 
$720 apiece for a round-trip ticket between the 
United States and Germany 


problems hitherto caused when winds 

and aerodynamic forces deformed the 
surfaces of the uncontained gas bags. 
Zeppelin's early series of rigid airships 
interested the German government enough 
for it to offer to buy one for the army if a 
Zeppelin could be made that could fly from its 
base 435 miles to an assigned point and 
remain aloft for twenty-four hours. When the 
LZ-4 which Count von Zeppelin had 
constructed in an attempt to win the 
government contract exploded, the German 
people were so moved by the catastrophe that 
they patriotically raised one and a half 
million dollars for a Zeppelin fund and the 
Army accepted an earlier model, the LZ-3, in 
its stead. By 1910 aerial passenger service by 
Zeppelin in Germany had become a reality. 
Passengers comfortably seated in wicker 
chairs on pile rugs were served wine and cold 
lunches; but their travel was not without its 
risks. More than half of the twenty-six 
dirigibles built by Count von Zeppelin by 
1914 had come to a violent end. Squadrons of 
Zeppelins bombed London during World War 
I, but they caused more of a nuisance than 
damage. British fighters would fly directly 


The Goodyear blimp Pilgrim was in 1925 the first commercial airship to use helium. 


above the lethally inflammable airships and 
drop bombs along their lengths. After the 
war, passenger service was resumed. 

The two most famous of the rigid airships 
were the Hindenburg and her earlier sister 
airship, the Graf Zeppelin, and it was 
the successful commercial exploitation of 
these two giant airships that kept lighter- 
than-air aviation alive. Passengers paid $720 
apiece for a round-trip ticket between 
Germany and the United States and cruised 
in luxury at a stately 78 mph during the 
voyage. The Hindenburg made ten round 
trips between New York and Germany in 
1936; and then on May 3, 1937, ninety-six 
persons boarded the Zeppelin for its first 
flight to New York of the 1937 season. The 
crossing was prolonged by headwinds and in 
the New York area thunderstorms delayed 
the landing, but finally on May 6. a little after 
seven PM, the Hindenburg approached its 
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mooring mast at Lakehurst, New Jersey, 
dropped its cables and suddenly. without 
warning disaster struck. Sheets of flame 
enveloped the tail section; the exploding 
hydrogen leapt high in the air, the massive 
skeleton buckled, girders twisted in the 
raging heat; and as horrified spectators and 
newscasters watched, passengers flung 
themselves out of the flaming airship as it 
crumpled like some huge, mortally wounded 
animal to the ground. Thirty-five of its 
ninety-six passengers and crew were killed, 
countless others were terribly burned. The 
spectacle of the catastrophe was so appalling 
that the end of the Hindenburg marked the 
end of the Zeppelin era. Every now and then 
one hears of new plans for lighter-than-air 
passenger and cargo airships, but the only 
airships still in service are the jaunty little 
Goodyear blimps. What a shame. 


—— 
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The era of the giant Zeppelins came to a catastrophic end 
shortly after seven P.M.on May 6, 1937, when the Hindenburg 
with 96 passengers and crew aboard exploded in flames 
approaching its Lakehurst, New Jersey, mooring mast. 
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The Museum's SPAD VII in mid-victory 
roll wears the Indian-head insignia of 
the famed Escadrille Lafayette N. 124. 
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I. 1914, when World War I began, the airplane 
was still a crude, powered "box kite" of 
dubious structural strength and reliability. 
Although there were aircraft that could fly 
125 miles per hour, or travel non-stop over 
hundreds of miles, or attain an altitude of 
19,800 feet, no one machine could 
accomplish all of these feats, and an aircraft 
capable of high performance in one area was 
usually too specialized to perform well in 
another. 

Both sides initially used the aircraft for 
observation. A slow, stable aerial platform 
was needed from which an observer or pilot 
could study or photograph enemy 
movements, troop disposition, and activities 
on the ground. "When we started the First 
World War," recalled T.O.M. Sopwith, the 
British aircraft designer and builder, "there 
were no fighters. The small, rather high- 
performance—for their day—aircraft that we 
were building were really built as scouts. 
From scouts they developed into fighters, 
literally—from going up with rifles and 
revolvers to the day when we learned to fire 
through the propeller." The pressure the 
outbreak of the war created upon the 
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designers of aircraft to come up with new 
machines of advanced design and greater 
capabilities was enormous. “Development 
was so fast!” Sopwith commented. “We 
literally thought of and designed and flew the 
airplanes in a space of about six or eight 
weeks.... From sketches the designers went 
to chalk on the wall. Until about the middle 
of the war there was no stressing at all. 
Everything was built entirely by eye. That's 
why there were so many structural failures. 
We didn't start to stress airplanes at all 
seriously until the [Sopwith] Camel in 1917.” 
The rapid, alternating, and increasingly 
sophisticated technological advancements 
made by both sides in aerial tactics, 
weaponry, aircraft performance and design 
were brought about by the opposing forces' 
determination to deny each other the 
advantages of aerial observation. Therefore, 
by 1917 the crude "box kite" had developed 
into a relatively reliable aerobatic weapon 
capable of shooting down its opponents. 

The National Air and Space Museum's aim 
in creating the World War 1 Aviation exhibit is 
to present some of the facts and artifacts 
appropriate to that period in an environment 
created to enhance the Museum visitor's 
appreciation of what it might have been like 
at an Allied advance airstrip near Verdun, 
France, during that war. 

The Museum exhibit's setting was 
reconstructed from available records and 
interviews; the specimens are authentic, 
the facts correct for the date and event 
depicted—the few hours following the actual 
capture by American pilots of Lt. Freiherr 
Heinz von Beaulieu-Marconnay's brand-new 
Fokker D.VII, the “U-10,” just two days before 
the signing of the Armistice that ended 
World War 1. 

The sky was sodden, patchy with fog. Rain 
was falling that cold November 9, 1918, 
morning, as it had been ever since the 
detachment from First Flight of the First 
Pursuit Group's 95th Aero Squadron had 
been ordered to the small forward airfield 
just east of the ruins of Verdun. Although the 
French army continued to block the German 
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advance on Verdun, the city's buildings had 
been shattered and burned by years of 
German artillery fire. The Meuse-Argonne- 
St. Mihiel offensive was in its final days. To 
the east a French infantry division and 
elements of the American 81st Division were 
engaging the Germans near Moranville. Far 
to the north and west Pershing's army had 
pushed the enemy back to the Meuse line 
and the outskirts of Sedan. The German 
army was in general retreat all along the 
western front; a revolution was threatening 
in Germany itself. The detachment of First 
Flight had been ordered up to the advance 
airfield to destroy German observation 
balloons and any low-flying German 
observation aircraft attempting to sneak 
across the lines should a break in the 
weather occur. Because of the fog, heavy 
sporadic rains, and overcast skies of the past 
few days, however, German air activity had 
almost completely ceased. 

Living conditions at the advance base were 
primitive. The pilots were housed in two 
shell-pocked, aged buildings; the unit's SPADs 
were tucked inside two hangars built and 
abandoned long before by the French. 
German artillery and anti-aircraft guns were 
dug in just behind a ridge to the east and the 
northeast of the airfield. The base had been 
hit a number of times in previous months by 
German artillery fired not at the airfield but 
at the huge 16-inch U.S. Naval guns five 
hundred yards south of the rudimentary 
runway. These Naval guns were mounted on 
railroad trucks and wheeled out on spurs of 
track just to the south and west of the field 
when they were to be fired. Captain 
Alexander H. McLanahan, A.S., U.S.A., who 
was in command of the First Flight 
detachment recalls that the 


two American Naval guns went off at regular 
intervals of 20 minutes day and night. These 
tremendous pieces must be heard to be 
appreciated. They caused such terrific 
displacement of the air when they exploded that 
our ships were gradually being shaken to pieces. 
lt was impossible to keep the wings in line or the 
wires tight. Nelther could the pilots sleep with 


The captured German Fokker D.VIT is visible through a gaping shell-hole in the pilots' building. 
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The Fokker D.VII was so respected by World 
War I Allied airmen that its surrender was 
specified in the Armistice agreements. 
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continual explosions which almost bounced 
them from their beds and shook their very teeth 
out. Plates of food jumped all over the table 
unless held down and packs of cards flew about 
like swallows every time the guns went off. To 
add to it all the German artillery was constantly 
trying to land shells on the American battery, 
many of which fell short here and there about the 
airdrome and barracks. Despite all. we carried 
on until we began to fall asleep while walking 
about. 


Due to the sporadic artillery bombardment 
and continuing bad weather no flight 
operations had been scheduled that morning 
and the detachment's SPAD XIII aircraft had 
been withdrawn out of sight within the 
hangars. Detachment Commander 
McLanahan, Flight Commander Lt. Edward 
P. Curtiss, and Lt. Sumner Sewall were 
playing cards in their barracks when, 
according to McLanahan's recollection, 


we suddenly heard a strange sounding plane— 
not like any of ours. Upon looking out the 
window we saw this Fokker flying very low and 
circling the field. We grabbed our revolvers—as 
in my case with the playing cards still in my left 
hand—and we dashed out and waved to the 
plane to come down. To our astonishment he 
did, and we were able to surround him. The 
three of us with our revolvers had captured him 
before he could set fire to his plane. 

Upon questioning the German pilot, he said he 
was flying this brand-new Fokker from the rear 
to the Metz airdrome but apparently got lost. He 
said he had been flying on the British front and 
was not familiar with our territory.... When the 
pilot found he was captured he appeared to turn 
philosophical and said that after all the war 
would soon be over. 


The German pilot, Lt. Freiherr Heinz von 
Beaulieu-Marconnay, of the 65th Jagdstaffel 
was, Lt. Sumner Sewall later recalled, 
"welcomed with an appropriate shot of 
Cognac and good fellowship, after which we 
turned him over to tbe nearby artillery outfit 
for further processing." 

Over the years since the Fokker D.VII 
became the possession of the Smithsonian, 
speculation has centered upon why von 
Beaulieu-Marconnay gave up so readily and 
what the possible significance might have 
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been of the "U-10" painted in such large 
white block letters on both sides of the 
Fokker's fuselage between the cockpit and 
the Roman cross and over the center section 
of the upper surface ofthe top wing. The 
answer to the first question appears to be 
that the German pilot might easily have 
mistaken the advance airdrome for one 
behind the German lines; von Beaulieu- 
Marconnay was admittedly lost, no Allied 
aircraft were visible on the field, and the 
German pilot, once down on the ground and 
having recognized his mistake, seemed 
depressed and did not appear to care where 
he had landed, according to Detachment 
CommanderMcLanahan and Lt. Sewall. lt was 
subsequently learned that the pilot's older 
brother, Lt. Freiherr Oliver von Beaulieu- 
Marconnay (winner of Germany's highest 
decoration, Pour le Mérite...for his twenty- 
five aerial victories) had been shot down in 
combat that October 18th and had died of 
his wounds on the 30th, just twelve days 
before Freiherr Heinz von Beaulieu- 
Marconnay dropped out of that gray 
November sky to land at the 95th Aero 
Squadron's advance airbase. 

The mystery ofthe enigmatic "U-10" was 
solved when a careful search into von 
Beaulieu-Marconnay's military records 
turned up the fact that prior to his service as 
a pilot he had served with one of Germany's 
most prestigious cavalry regiments: the 10th 
Uhlans. 

The Fokker D.VII flown by von Beaulieu- 
Marconnay was one of the best single-seat 
fighter aircraft produced during the war and 
was said to make good pilots out of poor 
ones. Although the DVII was not as 
fast as the SPAD or the S. E.5, it was 
responsive and easy to control all the way to 
its ceiling. Its ability to hold a steep climbing 
angle without stalling made it especially 
dangerous in the favored attacking angle of 
coming in from the rear and below. And 
when the D.VII did stall, its nose dipped 
forward without the plane falling off into a 
spin. Since the D VII could attain and 
maintain a higher altitude than most Allied 


machines it was able to drop down on 
unsuspecting aircraft with lethal results. 
The Fokker D.VII was so feared and 
respected by Allied airmen that the 
surrender of all this specific model of 
German aircraft was incorporated into the 
Armistice terms. 

The two Allied aircraft in this gallery are 
both Spads—an acronym for Société pour 
Appareils Deperdussin, or, in rough 
translation, the Deperdussin Aeroplanes 
Society. Armand Deperdussin had been the 
founder, but he had resigned as head of the 
firm before the war and been replaced by 
Louis Blériot, the famous French aviator. 
Blériot had changed the name of the firm to 
Société pour Aviation et ses Dérives [Society 
for Aviation and its Derivatives] so its initials 
remained the same. The SPAD was probably 
the most famous aircraft of World War I 
and the sPAD VII, hanging upside down 
in the gallery as though in inverted flight, 
was considered a very "hot" machine. 

They were noted for their high rate of climb 
and rugged construction which 

enabled them to dive at high speeds without 
losing their wings—a not uncommon 
accident with other aircraft. Although the 
SPAD VII was a favorite with good pilots, it was 
a very tricky plane to handle at low speeds 
because of its very steep gliding angle with 
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| General "Billy" Mitchells two-seater SPAD 

! XVI was filled with Scarff ring-mounted twin 
| Lewis machine guns—but this model SPAD 

| was never popular with pilots. The osprey 

| insignia was Mitchell's own. 
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power-off, a rather technical way of saying 
that without its engine it dropped like a 
brick. Pilots landing them had to “fly them 
onto the ground,” with their power 

on. Many fatalities occurred when the 
engine quit just after take-off or on landing 
approaches. The Museum's specimen carries 
the Indian head insignia of the famed 
Escadrille Lafayette, the unit with which 
American pilots first saw combat during the 
war. James Norman Hall, who with Charles 
Nordhoff was the author of Mutiny on the 
Bounty, served with the Escadrille. Hall, 
again with Nordhoff, wrote one of the best 
books to come out of that experience. Неге in 
this excerpt from his Falcons of France he 
tells of his first impressions of aerial combat: 


While in training in the schools 1 had often tried 
to imagine what my first air battle would be like. 
l haven't a very fertile imagination, and in my 
mental picture of such a battle 1 had seen planes 
approaching one another more or less 
deliberately. their guns spitting fire, then 
turning to spit again. That, In fact, is what 
happens, except that the approach is anything 
but deliberate once the engagement starts. But 
where | had been chiefly mistaken was in 
thinking of them fighting at a considerable 
distance from each other—two, or three, or even 
five hundred yards. The reality was far different. 
At the instant when l found myself surrounded 
by planes, | heard unmistakably the crackle of 
machine-gun fire. lt is curious how different this 
sounds in the air when one's ears are deafened 
by altitude, the rush of wind, and the roar of the 
motor. Even when quite close it is only a faint 
crackle, but very distinct, each explosion 
impinging sharply on the eardrums. | turned my 
head over my shoulder, to breathe the acrid 
smoke of tracer bullets, and just then—whang! 
crash!—my wind shield was shattered. 1 made a 
steep bank in time to see the black crosses of a 
silver-bellied Albatros turned up horizontally 
about twenty yards distant, as though the 
German pilot merely wanted to display them to 
convince me that he was really a German. Then, 
as l leveled off, glancing hastily to my right, 1 saw 
not ten metres below my altitude and flying in 
the same direction a craft that looked enormous, 
larger than three of mine. She had staggered 
wings, and there was no doubt about the 
insignia on her fishlike tail: that too was a black 
cross. It was a two-seater, and so close that 1 
could clearly see the pilot and the gunner in the 
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back seat. Body and wings were camouflaged, 
not in daubs after the French fashion, but in 
zigzag lines of brown and green. The observer, 
whose back was toward me, was aiming two 
guns mounted on a single swivel on the circular 
tract surrounding his cockpit. He crouched 
down, firing at a steep angle at someone 
overhead whom 1 could not see, his tracers 
stabbing through the air in thin clear lines. 
Apparently neither the pilot nor the rear gunner 
saw me. Then 1 had a blurred glimpse of the tri- 
color cocardes of a Spad that passed me like a 
flash, going in the opposite direction; and in that 
same instant 1 saw another Spad appear directly 
under the two-seater, nose up vertically, and 
scem to hang there as though suspended by an 
invisible wire. 

What then happened is beyond the power of 
any words of mine to describe. А sheet of intense 
flame shot up from the two-seater, lapping like 
water around the wings and blown back along 
the body of the plane. The observer dropped his 
guns and | could all but see the expression of 
horror on his face as he turned. He ducked for a 
second with his arms around his head in an 
effort to protect himself; then without a 
moment's hesitatlon he climbed on his seat and 
threw himself off into space. The huge plane 
veered up on one side, turned nose down, and 
disappeared beneath me. Five seconds later 1 was 
alone. There wasn't another plane to be seen. 


—Falcons of France,by James Norman Hall 
and Charles Nordhoff 


No Allied pilots and, until near the end of the 
war, very few Germans carried parachutes. 
The pack parachute did exist; it had been 
invented by an American showman before 
the war, but only spotters in observation 
balloons were equipped with them. The 
reasons for not giving parachutes to pilots 
were both cruel and stupid. The excuses 
were that parachutes were not reliable 
enough to justify mass production of them 
and that if a pilot wore a parachute he might 
be tempted to use it instead of committing 
himself to the fight. Hall's account of the 
observer leaping to his death was not an 
uncommon occurrence. Most pilots were 
more afraid of fire than bullets and would 
jump from their burning aircraft, choosing 
the quick certainty of that death to slowly 
burning alive. 


One of the most famous airmen of World 
War I was Manfred von Richthofen, the 
Red Baron, Germany's leading ace who shot 
down 80 Allied planes. In this excerpt 
from his autobiography he describes his 
battle with a British aircraft in April, 1917: 


Suddenly one of the impertinent Englishmen 
tried to drop down upon me. ! allowed him to 
approach me quite near, and then we started a 
merry quadrille. Sometimes my opponent flew on 
his back and sometimes he did other tricks. He 
was flying a two-seater fighter. 1 realized very 
soon that I was his master and that he could not 
escape me. 

During an interval in the fighting 1 assured 
myself that we were alone. It followed that the 
victory would belong to him who was calmest, 
who shot best. and who had the cleverest brain 
in a moment of danger. Soon | had got him 
beneath me without having seriously hurt him 
with my gun. We were at least two kilometers 
from the front. I thought he intended to land, 
but there ! had made a mistake. Suddenly, when 
he was only a few yards above the ground, 1 
noticed how he once more went off on a straight 
course. He tried to escape me. That was too bad. 

l attacked him again, and to do so! had to go 
so low that I was afraid of touching the roofs of 
the houses in the village beneath me. The 
Englishman defended himself up to the last 
moment. At the very end I felt that my engine had 
been hit. Still 1 did not let go. He had to fall. He 
flew at full speed right into a block of houses. 

There is little left to be said. This was once 
more a case of splendid daring. The man had 
defended himself to the last. However, in my 
opinion he showed, after all, more stupid 
foolhardiness than courage. lt was again one of 
the cases where one must differentiate between 
energy and idiocy. He had to come down in any 
case, but he paid for his stupidity with his life. 


— Captain Manfred Freiherr von Richthofen, 
trans. by T. Ellis Barker 


Not all fighter pilots were as cold-blooded as 
von Richthofen. Gill Robb Wilson, who flew 
with both the French and the American air 
service during World War 1 recalled the 
following incident which indicates the 


occasional startling intimacy of aerial combat: 


I was out one day flying as gunner with a friend 
of mine named Jean Henin. He was kind of a 
clown, but a very nice boy; he'd been a bank clerk 


in Paris. We got into a dog fight over the Olse 
canal. | was firing to the rear. Suddenly I felt 
Henin beating me on the back, and 1 could hear 
him yelling, "Here, over here! Fire, fire!" 

I turned around—1 had to swing the Lewis 
guns—and there with his wings locked with 
ours was a German fighter in a Pfalz. 1 looked 
right down this German's throat. He was a man, 
I would think about forty-five or fifty years old. 
He had on a black woolen helmet. How in God's 
name he ever got there 1 don't know. I could 
touch the end of his wing. 

l swung the guns on him, and the guy just sat 
there. He had a mustache. I can still see him. 
There were deep lines on his face, and he looked 
at me with a kind of resignation. ! looked over 
those machine guns at that guy, and Il couldn't 
kill him. He was too helpless. 

Gradually, he drifted off. 1 said to Henin, "I 
couldn't kill him." He said, "I'm glad you didn't." 


—Oral History Collection of 
Columbia University 


Legends have arisen over the 
accomplishments of some of the World War 1 
aces with the passage of time, but most 
historians agree that the role played by air 
power during this struggle was more 
romantic than decisive. The most important 
missions the airplane carried out were 
reconnaissance and artillery fire control. 
And when the war bogged down into 
static frontline trench warfare and 
increasingly effective camouflage techniques 
evolved, aerial reconnaissance became less 
and less significant. No airplane or Zeppelin 
sank or even seriously disabled any major 
naval vessel. No war industry was halted by 
strategic bombing. No major battle's 
outcome was decided by either control of the 
air or lack of its control. And so, even though 
vast technical progress was made in aviation 
development during World War 1, what one 
celebrates are the men and not so much the 
machines. Men like Baron Manfred von 
Richthofen, a brilliant organizer and 
tactical leader; René Fonck, the leading 
French ace with 75 victories who would later 
fail in his attempt to beat Lindbergh across 
the Atlantic; Britain's Albert Ball, 44 
victories, who planted vegetables and raised 
rabbits around the airfield and who 
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reassured his parents in writing that he was 
still saying his prayers. Ball died before he 
reached twenty; one day he simply 
disappeared. So did Georges Guynemeyer, 
France's second leading ace. And there was 
Willy Coppens, the Belgian ace who, 
incredible as it may seem, actually rolled his 
wheels on the top of a German observation 
balloon. Edward Mannock, Britain's top ace 
with 73 victories, was killed by a German 
infantryman’s rifle bullet. Billy Bishop of 
Canada survived the war with 72 victories 
and the Victoria Cross for singlehandedly 
attacking a German airfield. Eddie 
Rickenbacker, a former racing car driver and 
General Pershing's chauffeur, became 
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America's leading ace with 26 victories 
between the end of April and October, 1918— 
three months of which he was hospitalized 
and unable to fly. It is especially fitting that 
one section of the gallery is devoted to 
memorabilia pertaining to the Escadrille 
Lafayette, the famed American volunteer 
unit that flew for the French at the outbreak 
ofthe war. It is a celebration tempered, 
however, with sorrow, a sadness recognized 
by a dismayed Orville Wright himself, who in 
1917 wrote, "When my brother and I built the 
first man-carrying flying machine we 
thought that we were introducing into the 
world an invention which would make 
further wars practically impossible." 


A SPAD awaiting restoration at 
the Silver Hill, Maryland, facility. 
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“The main thing was to put 
on wing-uvilking shntos to draw А 
the people...."—stunt flyer Duke = 
Krantz. "The Flying Diawnto” 


The Waco 9 was a favorite with pilots during 
the Golden Age of flying. 
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W. had crowds sometimes of thirty or forty 
thousand people—tremendous crowds. The 
main thing was, of course, to put on wing- 
walking shows to draw the people...." 

The man reminiscing was Duke Krantz, a 
stunt flier with the Gates Flying Circus, who 
billed himself as "The Flying Diavolo." After 
World War 1, when large numbers of surplus 
military aircraft and engines were flooding 
the market at low prices and thousands of 
released pilots were looking for flying jobs, it 
was inevitable that many of these airmen 
would buy surplus planes. band together 
into "flying circuses.” and travel from town 
to town drumming up business. At first they 
would simply fly over the small towns, attract 
attention by coming in low with their 
engines roaring, then do a few aerobatics 
before landing in a farmer's pasture to sell 
passenger rides. "Barnstormers." as they 
came to be known, operated singly or in 
pairs, but as more and more pilots competed 
with each other for the public's money, more 
and more dangerous stunts were required to 
attract the public's attention. Visitors to the 
Exhibition Flight gallery are immediately 
greeted with one of the most spectacular—a 
wing-walker plane-changing to a Waco 9. 
Duke Krantz tells how and why stunts like 
wing-walking and plane-changing were 
done: 


The main thing was to put on wing-walking 
shows to draw the people. Then, in between 
times, we would sell tickets and take the people 
for rides. Of course it was very scientifically 
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arranged so that we could load and unload 
rapidly. One man would pull passengers out from 
one side of the ship while another man would 
push them in from the opposite side. 

In the beginning, we charged two dollars and 
fifty cents for a short ride, five dollars for a long 
ride. lf they wanted any stunts at all, it would be 
an additional five dollars. There was a dollar 
admission fee for the exhibition, but the stunts 
were just the attraction to get passengers. 

At first we used to sit on the top wing of the 
plane with our toes underneath. sort of around 
straps. But, of course, that was not as 
spectacular as standing up on top. In order to do 
that we had to have little secret devices. like 
having a belt under my sweater that nobody 
could see. 1 had cables—full cables, not wires— 
made up with snaps on them, and they were 
hidden in the airplane all the time. So when I got 
up in the air, 1 would stand up. I would hook the 
cables to the belt, and take one in each hand. As] 
reached up. 1 was snapping these fittings that 
nobody could see. Then I would straighten up 
and, with no hesitation at all, stretch out good 
and tight. The pilot would go into a dive and 
come around in a loop. That was, of course, one 
of the most spectacular stunts. 

The breakaway was quite exciting too. We had 
a very narrow cable ladder so you could pull 
yourself up onto the wing. We'd put the straps 
around the ankles and snap the snaps at the end 
of the cables onto them. At the right time we 
would dive from the landing gear, head down, 
swing for a while, then come back up and climb 
up the ladder. 

For plane changes—of course you had to use 
iwo airplanes—the ladder would be attached to 
the wings of the ship above. 1 would climb out on 
the wings of the lower ship and walk out past the 
outer strut and up on the upper wing, where 
there was a brace you could steady your leg 


agatnst. That was the only thing you could hold 
onto at all. The upper ship would overtake the 
lower one with the ladder swinging from its wing 
tip, and I would reach for the last rung. Then It 
was only a matter of hanging on, because by that 
time the other ship was out from under you, 
leaving you in space. lt was quite exciting. One 
time the ships came too close, and to keep from 
being hit I threw myself down on the wings and 
lay with my shoulder over the aileron. The other 
wing from the upper plane was not more than 
two feet from my face. By that time they started 
to separate. I grabbed for the ladder and got hold 
of the center part of it, but it so happened that 
the lower end of the ladder got caught between 
the aileron and wing of the lower plane. There I 
was, hanging in the middle of the ladder, and 
they were jerking up and down, trying to get 
loose. Finally, half of the aileron was torn off the 
lower ship and I climbed up. 

Other stunts that ] used to do? Га go out and 
hang by my toes through the cross wires. Then 
had a trapeze that I attached to the landing gear 
with a mouthpiece on it, and ] used to go down 
and hang from that by my teeth. 

When І made a plane change, I used steel 
tubing rings and steel cables. One time we had 
thunderstorm activity, and flying around we 
accumulated a lot of static. So the minute 1 made 
contact I got a terrific shock and almost let go. 
That was a very close shave. 


—Oral History Collection of Columbia University 


In 1908, after a two-and-a-half-year 
suspension during which the Wright 
brothers neither flew nor permitted anyone 
to see their flying machines, the Wrights 
began again giving demonstrations of their 
Flyers' capabilities, Since that time, 
exhibition flight has served three primary 
purposes: to introduce and popularize flying, 
to entertain the public, and to accelerate the 
technical development of aircraft. The 
Exhibition Flight gallery has chosen to tell 
this story in three chronological segments 
separated by World War I and World War II. 
The first segment, "The Early Years," covers 
from about 1908 to World War 1; the second 
segment, “The Glory Years,” from World War I 
to World War Il; and the third segment, “The 
Present," covers the post-World War Il years 
to now. 

In 1908, after those two and a half years of 


The flight of Orville Wright and Lt. Thomas 
E. Selfridge on September 17, 1908, ended 
tragically. 


abstention, Orville and Wilbur Wright had 
felt compelled to fly in public again for 
several reasons. The brothers had, after 
seemingly interminable delays, signed a 
contract with the United States Army in 
February, 1908, and with the French 
government in March that same year. 
Wilbur's 1 minute 45 second flight on August 
8, 1908, at a small race-course field near Le 
Mans in France had, in the words of the 
Count de La Vaulx, "revolutionized the 
aviators' world." And the following month, 
on September 3, 1908, Orville had 
commenced the series of acceptance tests 
before Signal Corps officers of the United 
States Army at Fort Myer, Virginia. The tenth 
and last of these tests ended tragically when, 
on September 17, the blade of the starboard 
propeller on the standard Wright Type A 
Flyer developed a longitudinal crack, which 
caused the propeller to flatten out and lose 
its thrust. The resulting violent vibration 
caused the loosening of the propeller shaft, 
the propeller wavered back and forth, the 
good blade struck and tore loose one of the 
rudder's wire braces; this wire then wrapped 
itself around the rudder, forcing it into a 
down-position. The machine went out of 
control and although Orville was partially 
able to pull out of the nose-dive, the Flyer 
crashed, killing his observer-passenger, 
Lieutenant Thomas E. Selfridge, who 
became the fledgling aviation industry's first 
casualty. 
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Orville Wright survived this crash, but 
Selfridge became the fledgling aviation 
industry's first casualty. 


Although the Wrights' demonstration 
flights were primarily to win contracts, they 
were also somewhat in response to the 
publicity and adulation given Glenn Curtiss, 
who that previous July 4, with his June Bug 
flying machine. had won the Scientific 
American Trophy for the first official flight of 
one kilometer's duration. Curtiss’ 
achievement resulted in so many newspaper 
articles and headlines that many people 
thought Curtiss and not the Wrights had 
been the first to fly. Most people had never 
heard of the secretive and publicity-shy 
Wrights, but Curtiss' triumph forced the 
Wrights to come forward—and come forward 
they did. Orville wrote Curtiss that he 
understood the June Bug had "movable 
surfaces at the tips of the wings, adjustable 
to different angles on the right and left sides 
for maintaining lateral balance," and that if 
this were so it infringed on the Wrights' 
patents. Orville reminded Curtiss that he 
and Wilbur had informed the Aerial 
Experiment Association (founded in 1907 by 
Alexander Graham Bell, the association's 
membership consisted of Bell, Curtiss, 
Lieutenant Selfridge—who was then on 
assignment from the Army to learn all he 
could about flying—and two young 
engineers, John A. McCurdy and Frederick 
"Casey" Baldwin) earlier that year of their 
patent and, as Orville's letter continued, "We 
did not intend, of course, to give permission 
to use the patented features of our machine 
for exhibitions or in a commercial way." This 
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letter was the opening shot in what would 
become a prolonged legal battle between the 
Wrights and Glenn Curtiss, a battle whose 
rivalry would extend into direct competition 
between Wright and Curtiss exhibition 
teams. The same year that Curtiss' flight of 
1 kilometer won the Scientific American 
Trophy, Wilbur set a world duration and 
distance record in France by traveling 124.7 
kilometers (almost 75 miles) in 2 hours and 
25 minutes, thereby conclusively 
demonstrating to Curtiss and the world how 
much more advanced their aircraft had 
become. 

During the early years, Curtiss and Wright 
exhibition teams publicized their 
manufacturers’ flying machines. Frank 
Coffyn, an original member of the first 
Wright brothers' exhibition team, recalled: 


We'd fly around the race track, or the field, or 
wherever we were, and go up a couple of 
thousand feet, or something like that. Then we'd 
do some figure eights. In those days it was a very 
extraordinary kind of flying. There were always 
great crowds to see us fly, and they were a great 
nuisance in a way. When we'd come down, they'd 
rush out on the field and take souvenirs off the 
plane— pieces of fabric. They gave us alot of 
trouble. They got so excited! 


—Oral History Collection of Columbia University 


Coffyn also recalled that the Wrights paid 
their pilots $20.00 a week and $50.00 a day 
for every day they flew; however, a source of 


The beautiful Harriet Quimby wearing her plum- 
colored satin flying suit was, in 1912, the first 
women to fly solo across the English Channel. 


contention was that (һе Curtiss team 
members were permitted to keep 50 percent 
of any prizes they won while the Wrights 
made their team members surrender all 
rewards. “We used to get furious about it,” 
Coffyn said, “but it didn't do us any good. 
The Wrights wouldn't let us have it.” 

Lincoln Beachey, who had trained with the 
Curtiss team, was a fearless, highly skilled 
pilot with great dramatic flair who thrilled 
crowds across America with his stunts. He 
was the first American to loop and to fly 
upside down. One of his acts was to fly low in 
front of the grandstand with his hands off 
the controls. pull up and climb to 5,000 feet, 
then push his machine into a power dive. He 
would conclude his “death dip” by pulling 
out at the last possible moment and land 
directly in front of the cheering crowds. 
Beachey also took part in one of the popular 
events of that period: races between an 
airplane and an automobile in which he 
competed against both Eddie Rickenbacker 
and the legendary Barney Oldfield. Once, as 
150,000 people watched, Beachey flew over 
Niagara Falls, down into the gorge, then 
beneath the Niagara Falls Bridge before 
flying back up again. It is estimated that in 
1914 alone, Lincoln Beachey performed 1,000 
loops before 17 million people in 126 cities. 
In 1915, Beachey was killed when the wings 
pulled off his new monoplane during a vertical 
figure-S maneuver over San Francisco Bay. 

There were also a number of prominent 
women flyers, the most famous of whom 
was the strikingly beautiful Harriet Quimby, 
who had flown the English Channel 
in 1912; Miss Quimby was killed a few 
months later when she fell out of her 
airplane over Boston Harbor. 

Air races have consistently played an 
important part in exhibition flying. The first 
Gordon Bennett Cup was won by Glenn 
Curtiss with an average speed of 45.7 mph; 
in 1913, at Reims, France, the last Gordon 
Bennett Cup race was held before World 
War 1. Prevost, a Frenchman flying a 
Deperdussin, won it with an average speed of 
124.5 mph. In five years the winning speed 


had nearly tripled. The Schneider Trophy, 
the most famous seaplane race cup, was first 
presented at Monaco in 1913. Prevost won 
that race. too, in a Deperdussin. 

But when we think of exhibition flight in 
those “Early Years” we tend to think of the 
daredevils like Lincoln Beachey, the Wright 
team's "Heavenly Twins,” Ralph Johnstone 
and Arch Hoxsey (who were both killed 
within one month of each other in 1910), and 
Beachey's teammate, the fearless jug-eared 
Charles К. Hamilton, who said, "we shall all 
be killed if we stay in this business," and was 
one of the few to survive. 

After World War I came the "Glory Years" 
with barnstormers like Duke Krantz, 
whose reminiscences opened this chapter. 
and wing-walkers like Mabel Cody, who 
climbed all over an airplane in flight. She 
made car-to-airplane and speedboat-to- 
airplane changes, as well as delayed 
parachute jumps. In 1925 her flying circus 
was the only serious rival for the major flying- 
circus operator in the South, Doug Davis; 
and the following year they joined forces 
under the sponsorship of a candy company 
to become the Doug Davis Baby Ruth Flying 
Circus.which continued to perform into the 
early 1930s. Incidentally. the first of the wing- 
walkers was Ormer Locklear, who was killed 
while filming a movie in the 1920s. Other 
pilots found work stunt flying for the film 
companies and appeared in Wings, Hells 
Angels, and Dawn Patrol, or endless serials 
requiring trick flying. Dick Grace and Frank 
Clarke were two of the most famous 
Hollywood pilots of this era. Another novice 
wing-walker during this period was Charles 
A. Lindbergh, but he never cared for it 
much. 

The great air races of these “Glory Years” 
were, however, what provided the greatest 
impetus to aviation in the 1920s, and the 
two greatest were then the Schneider Trophy 
Race for seaplanes, which had resumed 
following the war. and the Pulitzer for land 
planes. which was first given in 1920. These 
two races pitted nation against nation and 
military service against military service in 
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The great air races provided the major 
impetus to aviation during the 1920s. Jimmy 
Doolittle's Curtiss R3C-2 fitted with pontoons 
won the 1925 Schneider Trophy Race. 
Designated the R3C-1 and fitted with a fixed 
landing gear, this same plane, only two 
weeks earlier, had won the 1925 Pulitzer 
Race for landplanes. 
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Опе of the most colorful racing pilots of 
the 1930s was Roscoe Turner, who favored 
powder blue military-type uniforms and 
often flew with “Gilmore,” a lion cub, as a 
companion. In the Turner RT-14 Meteor 
depicted here he won both the 1938 and 
1939 Thompson Trophy Races. 
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Опе of the world's all-time great aerobatic 
aircraft, this Búcker 133 Jungmeister 
was airfreighted to this country 

on board the Hindenburg in 1936. 
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keen competition for the two most highly 
coveted trophies given for air racing in the 
1920s. In 1925 both the Schneider Trophy 
and the Pulitzer were won by the jaunty little 
Curtiss R3C that is hanging (equipped with 
pontoons for the Schneider Race) in the 
Pioneers of Flight gallery of the Museum. The 
Curtiss racer, which was the prototype for the 
fighter aircraft of the 1920s, gave way to the 
Supermarine seaplanes, which finally retired 
the Schneider Trophy to England and were 
responsible for the famous Spitfire fighter of 
World War II. 

In 1926 the National Air Races were held 
for the first time. By 1929 the public's 
interest (as evidenced by the more than half 
million paid attendance at the races held 
that year in Cleveland) convinced aircraft 
manufacturers that it was to their advantage 
to create more and better airplanes designed 
specifically for racing. In 1930 the first 
Thompson Trophy Race was flown. The 
Thompson Trophy Race, flown over a 100- 
mile closed course, became the symbol of 
racing superiority and high speed. The 
following year the Bendix Trophy was added 
to the National Air Races. The Bendix was a 
cross-couniry free-for-all open to both men 
and women. Depending upon the site of the 
race, the Bendix was flown from Burbank, 
California, to Cleveland, or from New York to 
Los Angeles. Jimmy Doolittle won the first 
Bendix Trophy in a Laird Super Solution. 

The thirties were the golden age of air 
racing: America's best pilots competed each 
year at the National Air Races and thrilled 
the spectators as they cut pylons 
dangerously close and screamed down the 
straightaways in breathtaking displays of 
their skill and daring—as well as their desire 
for the huge cash awards. During this period 
there was little money available for military 
development, and most of the advances that 
occurred in aircraft performance came as a 
direct result of racing-plane design: new 
fuels, better engines, retractable landing 
gear. Pilots like Jimmy Doolittle, Benny 
Howard, Art Chester, Steve Wittman, Alford 
Williams, Frank Hawks, Jacqueline 
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Cochran, Johnny Livingston, Paul Mantz, 
and Roscoe Turner became household 
names as did some of the planes they flew: 
the Gee-Bee, Mr. Mulligan, Pete, the Wedell- 
Williams, Lairds, Travel-Airs, Keith 

Riders, and Wittmans. Roscoe Turner, 

one of the most colorful pilots of this era, is 
well represented in the gallery by the Turner 
RT-14 Meteor with which he won both the 
1938 and 1939 Thompson Trophy Races. He 
had had the Meteor built when the Wedell- 
Williams with which he had won the trophy 
in 1934 began to prove itself too slow. 
Turner, the only three-time winner of the 
Thompson Trophy, was a flamboyant 
showman: he always flew in military-type 
uniforms he designed himself (a favorite was 
powder blue), he wore his mustache waxed 
toasharp point, and in 1930 when Turner 
began flying for the Gilmore Oil Company 
whose trademark was a lion, he adopted 
"Gilmore," a lion cub. The lion began flying 
at four months; when at six months he had 
grown too large for the cockpit a special seat 
was made for him in the cabin. Gilmore and 
Turner were inseparable. The lion had his 
own flying suit and the Humane Society 
made Turner provide Gilmore with a 
parachute, which the lion never used. Turner 
and his lion shared hotel rooms on the 
road—they registered as Roscoe and 
Gilmore—until Gilmore was grounded after 
25,000 flying miles because he had become a 
full-size lion. For the remaining twenty-five 
years of his life Gilmore lived in a small zoo in 
Los Angeles. After Gilmore's death he was 
stuffed and mounted. He is in this gallery, 
too, along with one of Roscoe Turner's lion- 
tail canes. 

Acrobatics were important crowd pleasers 
during this period. The Bücker 133 
Jungmeister hanging upside down in the 
gallery was a familiar sight at air shows. The 
Museum's specimen was airfreighted to this 
country aboard the airship Hindenburg in 
1936 and competed during the Cleveland Air 
Races of 1937,in which it was flown by its 
owner, Rumania's Alex Papana, and then 
borrowed by his rival Count Hagenburg of 


Germany, whose own Jungmeister had 
crashed while he was attempting to outdo 
Papana's low-level inverted pass in front of 
the grandstand. The plane shown in this 
gallery was subsequently purchased by Mike 
Murphy, who flew it two of the three times he 
won the U.S. Aerobatic Championship 
(1938, 1940-41). The aircraft was next sold 
to "Bevo" Howard, also a former U.S. 
Aerobatic Champion. The Jungmeister's 
high power-to-weight ratio, its diminutive 
size, and its ailerons on both upper and 
lower wings contributed tojts ranking high 
on the list of all-time great aerobatic aircraft. 
Another top-ranking aerobatic plane is the 
bright red-and-white-striped little biplane 
hanging in the window well; it is the Pitts 
Special, perhaps the most popular single 
design among amateur aircraft builders in 
the United States. The U.S. National 
Aerobatic Men's Champion has flown a Pitts 
Special on many occasions as has the 
winnerof the Women's Championship. 


America's winning team in the 1972 World 
Aerobatic Championship flew Pitts, and two 
of the three members of the winning team in 
1970 flew Pitts. 

The final aircraft exhibited in the 
Exhibition Flight gallery is the tiny Wittman 
Buster, which has enjoyed, perhaps. the 
longest and one of the most successful 
careers in air-racing history. From 1931 until 
its retirement in 1954 this midget racing 
plane set racing records and won numerous 
trophies in class races and free-for-alls and 
twice won the Goodyear Trophy Races. Small 
racers such as the Buster kept air racing 
alive through the post-World War 11 period 
when the National Air Races waned. 

When the Races resumed in 1964 at Reno, 
Nevada, all the entrants in the unlimited 
category were modified surplus military 
fighters such as the North American 

P-51, the Grumman F8F, and British Hawker 
Sea Furies. There continued to be the midget 
racers, but there was also a cross-country 


Bill Brennand piloted the Wittman Buster to victory in the first Goodyear Trophy 
Race for midget planes in 1947 with an average speed of 165.9 mph. 
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This midget racer with its 15-foot-1-inch 
wingspan enjoyed one of the most successful 
careers in air-racing history. From 1931 until 
its retirement in 1954 the Wittman Buster set 
racing records, won numerous class races, 
and twice won the Goodyear Trophy. 


190 


191 


was that it weighed but 500 pounds empty. 
Powered by an 85 hp Continental engine, 
the aircraft last raced on July 4, 1954, 
when Bob Porter flew it to a third place at 


One indication of the Wittman Buster's size 
Dansville, New York. 
| 
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One of the most popular designs among 
amateur builders, a Pitts Special has often 
been flown by the U.S. National Aerobatic 
Men's Champion. 


195 


Photo courtesy Louis К. Melsel Gallery, New York 
ш 


Tom Blackwell. Shatzi. Oil on canvas, 1975. Collection Susan and Louis Meisel, New York 


race, a women's race, and a race for home- Exhibition Flight gallery he should pause for 
built biplanes. And in the present, as in the a moment and look overhead at the Ford Tri- 
past, the races and airshows will often Motor hanging above him in the Hall of Air 
feature military aerobatic teams. Among the Transportation. A man named “Speed” 
best-known teams are the United States Air Holman used to fly one at air shows; he'd 
Force's Thunderbirds, the Navy's Blue Angels, purportedly Пу a tri-motor upside down and 
and the Red Arrows of the Royal Air Force. then make it loop. What a sight that must 
When the Museum visitor steps out of the have been! 
196 


As the visitor enters the South lobby of the Museum 
he passes between two giant murals on the side 
walls. Robert McCall's The Space Mural—A Cosmic 
View is on the east side; Eric Sloane's Earthflight 
Environment is to the west. 


Abraham Lincoln said: “I cannot imagine a 
man looking at the sky and denying God.” I 
feel the same way about clouds, air, and wind 
which have inspired me to specialize in 
painting skyscapes. 

The sky is ageless; man has not left his 
imprint there. The sky above the Grand 
Canyon today is exactly the same as when 
that landscape was being formed. Only an 
occasional plane and condensation trail has 
been added. I am thankful for the opportunity 
to add to an awareness of weather and 
dedicate this work to America's spacious skies. 

—Eric Sloane 


Earthflight Environment 


Eric Sloanes L-shaped Earthflight 
Environment mural on the west wall of the 
Independence Avenue lobby stretches 75 
feet across the horizontal segment and 58 
feet 6 inches upward. Sloane met many of 
the early transatlantic pilots when they 
would drop into the Half Moon Hotel near 
Floyd Bennett Field in Brooklyn in the late 
1920s when he was painting murals. They 
asked him to letter their planes and after 
several flights with Wiley Post, Sloane 
began painting cloud formations. Amelia 
Earhart was his first "cloudscape" 
customer. 

Sloanes interest in clouds and weather 
led him to write his first book Clouds, Air, 
and Wind, which subsequently became an 
Air Force weather manual. He also built the 
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Jirst "Hall of Atmosphere" for the American 
Museum of Natural History in New York 
and was the first TV weatherman. Now 
famous for his paintings of clouds (and 
early Americana). Eric Sloane's bright, 
warming Southwestern desert country 
Earthflight Environment mural shows a jet 
plane streaking across the sky, its slender 
contrail tracing a white line above the 
panoramic landscape. On the left, the 
painting changes from realistic to 
symbolic. The lightning, rain, a rainbow, 
and towering cloud formations draw the 
viewers eyes upward toward a rocket 
airplane above which flickers the aurora 
borealis and the stars of deep space. 

The mural is painted in acrylic paints on 
Belgian linen. 


The Space Mural—A Cosmic View 


“Since the beginning of human history," 
Robert McCall has said, “по single event 
has shaped man's future so profoundly as 
the landing of the American astronauts on 
the Moon. In that brief moment, man's 
vision shifted for all time from earthly 
horizons to include the planets and the 
stars." 
Robert McCall's 75-foot-wide mural un- 
Jolds from the left with the cataclysmic burst 
of energy, billions of years ago, that may 
have created the universe. The viewer's eyes 
are drawn along orbital pathways past 
clusters of stars to a familiar part of the 
universe, our own Solar System. There 
Jrom within the primordial mists emerge 
recognizable bodies, Saturn, Mars, the 
asteroids, and, upon reaching the center 
portion of the mural, the visitor sees the 
triumphant figure of an Apollo astronaut 
standing with the American flag on the 


surface of the Moon. Behind the astronaut 
is the Lunar Module and a second member 
of the lunar landing team. Orbiting above 
is the Command and Service Module with a 
third member of the crew. The cloud- 
streaked, blue planet Earth looms in the 
distance above. 

The future, represented on the 58-foot 6 - 
inch vertical section of the mural, shows the 
Sun's bright shafts of light bathing both our 
planet and Moon and rising upward until 
they fade into the light of distant galaxies 
and the stars of the Milky Way. 

Robert McCall's space paintings have 
appeared in innumerable publications and 
his work is no doubt familiar to visitors 
who saw his brilliant paintings for 
Stanley Kubrick's movie 2001: A Space 
Odyssey. 

The mural is painted in acrylic paints on 
Belgian linen. 
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Flight Technology 
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Flight Technology 


А. the visitor to the National Air and Space 
Museum's Hall of Flight Technology 
approaches the gallery entrance he is greeted 
by a series of panels upon which somewhat 
lyrical quotations from Lord Byron and Le 
Corbusier appear beside Wilbur Wright's 
splendidly humble observation: "It is 
possible to fly without motors, but not 
without skill. This I conceive to be fortunate, 
for man, by reason of his greater intellect, 
can more reasonably hope to equal birds in 
knowledge. than to equal nature in the 
perfection of her machinery." 

The visitor is then immediately introduced 
to cardboard cut-out figures of Wheeler King 
and Ace Blue, two young boys dressed in 
1900s clothing, who are watching the flight 
of a 1908 Wright aircraft. “I'm going to grow 
up and build the best airplanes in the whole 
world," says Wheeler King. "You build them," 
replies Ace Blue, "and I'll fly them and go 
faster and higher than anybody." Wheeler 
and Ace will become the visitor's guides to 
the Flight Technology hall and their 
appearance throughout provides the 
continuity as the visitor moves through the 
various exhibit units in the gallery. 

Surveys conducted by the National Air and 
Space Museum revealed that the majority of 
its visitors are either completely unfamiliar 
with the basic tenets of flight ог, at least, 
relatively misinformed. Most visitors believe 


that a particular airplane was the result of one 


visionary individual's determination to build 
that specific machine rather than, in reality, 
the aircraft being the product of an intimate 
partnership of scientists, engineers, skilled 

technicians, test pilots, and designers. 
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Because the technology that underlies 
aircraft design and development is essential 
to the success of the vehicle, and because the 
necessity for this technology remains either 
misunderstood or almost totally unappreci- 
ated by the average Museum visitor, the 
Flight Technology gallery is an overt 
effort on the part of the NASM staff to educate 
the public. By explaining the contributions 
made by the various technological specialties 
in the development and production of a 
flying machine and by demonstrating, in 
addition to explaining, the principles of 
flight, the Museum hopes that the visitor will 
achieve a greater understanding and 
appreciation of flight technology in as 
painless a manner as possible. 

Since the Museum staff recognized that 
most visitors would find it tedious to follow 
any extensive written technical presenta- 
tion—especially when the subject matter 
involved specialized areas—they wisely 
decided to discard the conventional museum 
use of labels in favor of graphics, audio- 
visual presentations, and puppet theater 
shows. The moment after the visitor has 
been introduced to Wheeler King and Ace 
Blue as awestruck kids, he is confronted by a 
depiction of them in 1933, twenty-five years 
later. Wheeler has become the project 
engineer for an aircraft manufacturing firm 
(“I'm Wheeler King. Under my direction my 
colleagues design airplanes for any tasks 
whether it's speed, endurance or load 
carrying ability...."), and has now been 
joined by Slick Camber, the aerodynamicist 
("My job is to determine an airplane's design, 
what kind of loads it will bear, how it will 


perform and how to control it....”), the 
propulsion engineer Bulldog Powers ("My 
specialties are engines, propellers, and the 
piping and control systems they need to 
function...."), Reginald Pick, the structures 
engineer ("My job is to take the flight loads 
from the aerodynamicist and analyze the 
various parts of an airplane's structure to 
make sure it stays together...."). and finally 
again Ace Blue, the test pilot, who fell in love 
with flying in 1908 and has been flying ever 
since (“1 think my job is the best in the world. 
They design and build them and I get to fly 
them. Why. we make history almost every day.”). 
Explanations follow of the four forces of 
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This Pratt and Whitney R-985 Wasp Junior radial-piston engine has been sliced 


aircraft flight: Lift. Thrust. Weight, and 
Drag. (The practical application of the forces 
of lift and thrust results in powered flight. 
Thrusts forward action creates motion. this 
motion results in drag; the forward motion 
also enables the wing to produce lift, which 
overcomes the downward pull of weight.) 
Short animated films demonstrate and 
explain how lift functions, that an aircraft's 
control surfaces are deflected to vary the 
direction and intensity of lift. A film explains 
the three-dimensional world in which an 
aircraft operates and how its movement 
within this world is defined about three 
axes: yaw, pitch, and roll. A propeller is 


through its middle to display and demonstrate its working parts. 
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shown to be nothing more complicated than 
a wing with a twist. 

And then the visitor moves toward glass 
cases displaying beautifully made !s-inch 
scale models of a 1918 Curtiss JN-4D Jenny, 
one of which has its covering removed to 
reveal its structural details. The Jenny was 
the primary aircraft used by the United 
States to train its pilots during World War I, 
and its construction, typical of early 
aviation, was a wood frame covered with 
fabric. Metal was used only for wing tips, 
wing trailing edges, engines and engine 
mounts, and miscellaneous hardware. If the 
Jenny's inclusion fails to make the visitor 
understand the importance of having an 
adequately light, yet strong, structure to 
carry flight loads. all the exposed struts and 
interlacing bracing wires at least help the 
visitor understand why such early aircraft 
were sometimes referred to as "flying 
birdcages.” 

The visitor is then directed to the 
propulsion exhibit, which contains the 
Museum's “dancing engine": a Pratt and 
Whitney R-985 Wasp Junior radial piston 
engine that has been sliced through the 
middle to expose its cylinders and inner 
working parts. The Wasp Junior is a nine- 
cylinder, single-bank, air-cooled radial 
engine which, when initially manufactured 
in 1929, was rated at 300 hp; subsequent 
improvements and refinements increased its 
horsepower to 450. The engine on display. 
taken from a Navy airplane that had flown 
many hours, is driven now by a hidden 
electric motor. As the visitor watches. the 
two halves of the engine separate and 
pirouette around and apart to display its 
working pistons and such important 
components as the piston rings. inlet and 
exhaust valves, valve springs, connecting 
rods, master rod, and counterweights. The 
nine cylinders are arranged in a circle 
around the crankshaft. The ease with which 
a radial engine could be maintained and 
serviced was one of its most important 
features; each cylinder could be removed 
separately for service without having to 
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take apart the rest of the engine. 

The insides of the “dancing engine” are 
color-coded to assist the visitor in under- 
standing its operation throughout its 
intake, compression, power, and exhaust 
strokes. During the intake stroke, the air and 
gasoline mixture enters the cylinder through 
the blue-colored areas; the piston rises, 
compressing and heating the mixture, 
which is ignited by the spark plug in the red 
combustion chamber. There the heated 
mixture explodes. the expanding gases drive 
the piston downward toward the base of the 
cylinder, forcing the crankshaft to turn, 
providing the power stroke. During the 
return stroke, the rising piston forces the 
mixture ofexhaust gases out of the cylinder 
through the orange-colored exhaust parts. 
The valve-lubrication passages on the engine 
are colored green. In the 1930s ninety 
percent of all American-built transport 
aircraft used engines similar to the Wasp 
Junior on display. 

Also part of the propulsion exhibit unit is 
the Caldwell variable-pitch constant-speed 
propeller. A variable-pitch constant-speed 
propeller makes it possible for the engine to 
operate at the optimum revolutions per 
minute regardless of flight conditions, 
thus increasing propeller efficiency and 
reducing engine wear. By increasing the 
pitch of a propeller—the angle at which the 
propeller blade strikes the air—one obtains 
higher efficiency without increasing the 
speed of the engine. The first successful 
variable-pitch propeller was patented in 1924 
in Great Britain. Frank W. Caldwell, chief 
engineer with Hamilton-Standard, a division 
of United Aircraft, began work on an 
American version in 1928. lts use on the 
Boeing 247 and the DC-1 forerunner of the 
DC-3 helped revolutionize air travel by 
increasing the efficiency of propulsion 
systems. Equally important was the 
development of the supercharger, which 
made it possible for piston engines to 
operate efficiently at high altitudes; and not 
far from the Caldwell variable-pitch propeller 
is a cut-away General Electric supercharger 


The Caldwell variable-pitch 
constant-speed propeller. 
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A cutaway General Electric supercharger 
of the sort used on Boeing B-17 “Flying 
Fortresses” during World War Il. 
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A Westinghouse 9.5А (2-32) axial-flow turbojet engine of the type used to power guided missiles and target drones. 


of the sort used on a Boeing B-17 Flying 
Fortress heavy bomber during World War II. 

Experiments with superchargers began 
as early as World War 1. The internal 
combustion engine's power is generated by 
the explosive combustion of a mixture of air 
and fuel within its cylinders. An airplane. 
obviously, carries its fuel supply within it but 
it must take the air it needs for combustion 
from the atmosphere. Air density decreases 
the higher the altitude, and the average 
engine's fuel mixture would become too rich 
to maintain a high level of power above 
10,000 feet. Engineers realized the need to 
design a special air compressor that would 
enrich the thin air supply mixing with the 
fuel at high altitudes. These air compressors 
are called superchargers and the one on 
display in this unit was propelled by the 
turbine wheel driven by the aircraft engine's 
exhaust gases. 

A more advanced propulsion system 
utilizing some of the principles of both the 
internal combustion engine and the super- 
charger is a turbojet. Here the power 
developed by a turbine is used to drive a 
compressor that supplies air to a burner. Hot 


gases from the burner pass through the 
turbine and from there continue rearward 
through the thrust-producing exhaust 
nozzle. 

Having now been exposed to the various 
dimensions of fundamental flight technology 
such as how an airplane remains in the air, 
how it is controlled, what "drag" and “lift” 
are and what factors influence them, how a 
propeller provides thrust and why it is 
twisted, what the various types of structure 
are, and what sort of construction materials 
are used and why, the Museum visitor is 
greeted again by his "tour guides" Wheeler 
King (project engineer), Slick Camber (aero- 
dynamicist), Bulldog Powers (propulsion 
engineer), Reginald Pick (structures engi- 
neer), and Ace Blue (test pilot) in a puppet 
theater performance of a design conference. 
The year is 1932 and the president of their 
company has decided to build and enter a 
new airplane in the 1934 National Pylon Race: 


Wheeler: ...don't forget the National Pylon Race 
requires all entries to take off and land 
on a five hundred foot runway. 

Slick: That short runway means we'll need 
wing flaps. 
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Reginald: But. gentlemen, those flaps will com- 
plicate my structure. 

Wheeler: It's absolutely necessary. Remember, 
we're here to design the world's best 
closed-course racing airplane. 

Slick: That's right, Wheeler. Speed is the 
word. | see a really streamlined nose 
around the in-line engine we're going 
to use. 

Bulldog: In-line engine? No. Siree! In-lines are 
just not powerful enough for their 
weight. We need a radial engine. 
Radials are the best bet. 


As the various specialists trade their 
requirements back and forth, the visitor 
understands the importance of compromise 
їп the design process. 

There is only one actual airplane in the 
Flight Technology gallery: the Hughes H-1 
racer. And although there might arguably be 
other famous aircraft more deserving of 
galleries all to themselves. the H-1's inclusion 
is due to its being such a superb example of 
an airplane regarded as an excellent solution 
to a design problem. And besides. the 
Hughes racer is one of the most beautiful 
airplanes built at any time, anywhere. The 
H-1, designed by Richard Palmer, built by 
Glenn Odekirk, and piloted by Howard 
Hughes. was developed to be the fastest 
landplane in the world. Noah Dietrich, who 
was chief executive officer of the Howard 
Hughes empire for thirty-two years, recalls 


Howard Hughes stands beside his Hughes H-1 
Racer in which, on September 13, 1935, he set a 
world speed record of over 352 mph. 


228 


the summer day in 1935 when the H-1 was 
wheeled out into the sunlight for the first 
time: 


... Howard [Hughes ] announced that he was 
going to be the first pilot to take it up. 

This was not what 1 would have liked. It also 
concerned Odekirk and Palmer. No one could say 
for certain that it would fly successfully. But 
Howard insisted that he was going to be the one 
to find out. 

It performed beautifully. And fast. Faster than 
the observers had ever seen an airplane travel. 
Howard decided immediately that he would try 
for the land-plane speed record. 

The test was scheduled for September 12, 
1935, at Martin Field at Santa Ana. Howard 
invited me down for the event, and] had my 
usual queasiness watching him fly. He made a 
try at the record that day. but darkness fell hefore 
he could finish the four runs. The test was 
postponed until the following day—Friday the 
13th. 

Fliers of those days were a superstitious lot. 
and some of Howard's fellow aviators tried to 
dissuade him from a Friday the 13th flight. 
Howard had phobias galore. but no super- 
stitions. Friday the 13th was just another flying 
day to him. 

The device for timing Howard's flights was 
complicated. lt had been developed by Western 
Union and it featured two electrically timed 
clocks a mile apart, connected by wire. Two 
cameras were aimed at the clocks and tilted so 
they would also photograph the plane passing 
overhead. The plane had to be Nown at 200 feet 
so that the identifying number on the wing 
would show in the photograph. 

Howard took off in the H-1. Circling overhead 
to observe his feat were two friends, Amelia 
Earhart and Paul Mantz, the movie stunt flier. 
Howard pushed the H-1 to the extreme in four 
passes over the course, and all of us watching 
him realized that he was breaking the record. 

He wasn't satisfied. He wanted to test the 
utmost capacity of his plane, and he zoomed up 
to 12,000 feet, then nosed downward and 
hurtled toward the earth. 

My heart was in my throat as] watched that 
little plane speed relentlessly toward the ground. 
He pulled out of the dive just as he reached the 
timing course and streaked past the observers. 

Then the engine conked out. 

The plane was speeding away from the landing 
field at low altitude. I saw it zoom up to 1800 feet 
and then dip down to earth. 


Everyone leaped into cars and headed for the 
bean field where the plane had disappeared. We 
arrived to find Howard stepping jauntily from 
the H-1. He had scarcely a serateh, and the plane 
suffered little damage. 

His feat made headlines around the world: a 
new land-plane speed record ol 352.39 miles per 
hour, almost 40 miles per hour faster than the 
previous mark. 

After the record flight there was speculation in 
the press about the cause of the crash. One 
report declared that a piece of steel wool had 
been discovered in the fuel line, and there were 
hints of sabotage. Not true. Howard had simplv 
run out of gas. He had gone up with a minimum 
load to limit the plane's weight. Odekirk had 
warned him to keep a carelut eye on the gas 
gauge, but Howard had forgotten to. 

—HOWARD, The Amazing Mr. Hughes. 
by Noah Dietrich with Bob Thomas 


The Hughes racer had two sets of wings: the 
wings on the aircraft as displayed are the 
long set measuring 31'9" and have a 
moderate aspect ratio. They were used on 
January 19, 1937, when Hughes broke the 


Movie stunt flyer Paul Mantz and Amelia Earhart 
witnessed Howard Hughes' successful speed- 
record attempt. 


transcontinental speed record. He left Los 
Angeles before dawn and arrived outside New 
York City at Newark Airport 7 hours 28 
minutes and 25 seconds later. He traveled 
the 2.490-mile course at an average speed of 
332 mph. The wings Hughes used for the 
landplane record flight witnessed by Noah 
Dietrich were of a low-aspect ratio and about 
six fect shorter than the wings displayed. 
Although the Hughes H-1 raeer was specifi- 
cally designed for record-setting purposes. it 
had a great impaet on the design of high- 
performance aircraft for years to come. Some 
of the H-1's outstanding design features 
were: 

1) A close-fitting, bell-shaped engine 
cowling that reduced airframe drag and 
improved engine cooling. 

2) Gently curving wing fillets between the 
wing and the fuselage to help stabilize 
airflow, reduce drag. and prevent potentially 
dangerous eddying and tail buffeting. 

3) A retractable landing gear—so perteetly 
fitted that visitors must look hard to deter- 
mine where the gear fairings and doors 
merge with the bottom of the wing—to 
reduce drag and increase speed and range. 

4) All rivets and joints flush with the air- 
eraft's aluminum skin. and plywood wings 
with flathead and countersunk screws. 

5) Ailerons that droop 15^ when the flaps 
are fully extended. This increases lift along 
the full span of the wings during take-off and 
landing. 

6) A smoothly faired and totally enclosed 
cockpit, in which the pilot sits. 

A section of the H-1's wing skin is also on 
display. The sample. eut from excess mate- 
rial of the second racer wing during its 
construction. indicates the fine quality of 
the wood lamination and the exaeting. 
meticulous craftsmanship of this aircraft's 
construction throughout. A model of the H-1 
was rigorously tested in the California 
Institute of Technology's 200-mph wind 
tunnel, and the actual aircraft's performance 
figures closely matched the design perform- 
ance. The H-1 demonstrated that properly 
designed radial-engine aireraft could 
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The “long-winged” version of the Hughes 
Racer—one of the Museum's most beautiful 
aircraft. 
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compete with the lower-drag in-line designs 
despite the large frontal areas required by 
radial-engine installation: and the Hughes 
racer was a major milestone on the road to 
such later high-performance radial-engined 
World War ll fighters as the American 
Grumman F6F Hellcat and Republic P-47 
Thunderbolt as well as the Japanese 
Mitsubishi Type О (Zero) and Germany's 
Focke-Wulf FW-190. 

The remaining unit exhibits reinforce the 
visitor's understanding of the manner in 
which flight technology has responded, 
expanded. and necessarily continued to 
make compromises in order to produce 
advanced aircraft capable of performing ever 
more demanding functions. Emphasis shifts 
now to the problems encountered when 
aerodynamic flight moves into the transonic 
(the transition area of speeds below and 
above the speed of sound) and supersonic 
(faster than the speed of sound: i.e.. above 
approximately 738 mph at sea level) regions. 
as well as the problems encountered in 
missile development and space flight. 
Advanced materials, many of which had 
previously been considered undesirable for 
flight application. plus unconventional 
construction methods were required to 
withstand the kinetic heating experienced in 
supersonic flight and reentry as well as to 
provide stability and thermal control in 
space vehicles. Wheeler King reappears to 
explain how supersonic flight changed wing 
design: "... when technology sought to fly 
faster than the speed of sound, engineers 
designed thinner wings to decrease the drag 
encountered with conventional wings. But 
thinner wings weren't very strong. So they 
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had to be shortened. But short wings didn't 
provide enough lifting area. So they were 
widened. Then technology discovered 
another way of lessening sonic pressure: 
sweep back!” 

A mock briefing in a fairy tale about a royal 
family whose son's experiments with 
balloons lead to the development of a jet- 
propelled roya! carriage helps the visitor 
understand the principles of jet propulsion. 
Exhibits and audiovisual displays demon- 
strate how the principles of jet propulsion 
are used in turbojet, turbofan, and ramjet 
engines: and then the principles of rocketry 
are developed through comparison with jet 
propulsion. The final puppet theater pres- 
entation takes place in the Advanced Space 
Technology Theater where we find Wheeler 
King explaining to Ace Blue, both now 
retired and elderly gentlemen, why the 
refinements in technology have been 
necessary ; how Ace, who longs for the 
"good old days,” should appreciate the 
extraordinary space age accomplishments 
that these advances have achieved, such as 
ITOS and GOES weather monitoring satellites 
and the LANDSAT earth survey satellite; 
how photovoltaic (solar) cells on Skylab's one 
wing produced approximately 5.000 watts of 
electricity; and that the new construction 
materials created out of pyrolized carbon 
fibers in a carbon mátrix used on the space 
shuttle's fuselage could take a temperature 
of 3.000* F again and again. Ace becomes a 
more informed and appreciative individual 
as a result, and that is exactly what NASM 
hopes to have achieved with the average 
Museum visitor through its Flight 
Technology gallery. 


La visitor to the Flight Testing gallery 
comes away with nothing more than an 
awareness that a test pilot is a highly skilled 
aerospace professional and not the reckless. 
devil- may-care, high guts to low brains ratio 
"show-me-where-the-stick-is-and-Tll-fly-it" 
character depicted by the Hollywood movies 
of the 1930s, then one of the primary 
purposes of this gallery has been realized. 

More than fifty years ago Edward P. 
Warner and F.H. Norton of the National 
Advisory Committee for Aeronautics (NACA, 
the National Aeronautics and Space 
Administration's forerunner) wrote: "Test 
flying is a highly specialized branch of work, 
the difficulties of which are not generally 
appreciated and there is no type of flying in 
which a difference between the abilities of 
pilots thoroughly competent in ordinary 
flying becomes more quickly apparent." The 
main aim of the Flight Testing gallery—also 
known as the Hall of X-Airplanes. "X" for 
Experimental—is to demonstrate the 
importance of the test pilot's work to the 
development of new aircraft and to the 
derivation of new knowledge in the 
aeronautical sciences. 

Suspended above the entrance to the 
gallery is an 1894 Lilienthal glider, one of 
cight machines of this type built by that 
towering figure of early flight testing, Otto 
Lilienthal himself, whose studies of the lift 
created by a curved surface on a moving 
stream of air, Der Vogelflug als Grundlage 
der Fliegekunst (Bird Flight as the Basis of 
Aviation), had such an influence on the 
Wright brothers' work. The glider's frame 
was constructed of willow and bamboo, its 
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wings and surfaces covered with plain 
cotton cloth. Its wings are designed to fold 
backward for ease in transportation and 
storage. Lilienthal considered the glider on 
display here to be one of his safest and most 
successful designs. 

Lilienthal would suspend himself between 
the wings by placing his arms through 
padded cuffs attached to bars which, in 
turn, were attached to the glider's frame. 
Two additional padded braces in line with 
his ribs were also secured to the frame. 
Lilienthal was able to provide some degree of 
control by swinging his legs and torso to 
alter the center of gravity and made flights of 
up to 1,150 feet in length from the artificial 
hill he had constructed near his home in the 
Berlin suburb of Gross-Lichterfelde. 

In 1896, Lilienthal wrote, "One can get a 
proper insight into the practice of flying 
only by actual flying experiments." His 
experimentation ended tragically on August 
8th, that same year, when the glider he was 
testing, one similar to the 1894 glider on 
display, stalled at an altitude of fifty feet and 
crashed to the ground, mortally injuring its 
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Otto Lilienthal built this hill near his home in 
a Berlin suburb to test his gliders. 


233 


inventor. The German aviation pioneer died 
the following day, August 9, 1896, in a Berlin 
hospital. Otto Lilienthal was fully aware of 
the risks involved testing flying machines, 
but, as he said shortly before his fatal 
accident, "Sacrifices must be made.” 

Each of the three full-size aircraft on 
exhibition in this gallery represents a 
separate aspect of flight research. The first, 
Wiley Post's modified Lockheed Model 5-С 
“Vega,” the Winnie Mae, is displayed with its 
special jettisonable landing gear and Post's 
pressure suit used during his high-altitude 
research flights. He also completed two 
round-the-world flights in this aircraft. 

The second aircraft is the Bell XP-59A 
Airacomet, America's first experimental 
turbojet-propelled aircraft. The Airacomet, a 
direct ancestor of all American jet aircraft, 
made its maiden flight on October 1, 1942, 
piloted by Bell Aircraft Corporation's test 
pilot Robert M. Stanley at California's Muroc 
Dry Lake. Because of wartime security, the 
XP-59A was tested in complete secrecy and, 
at one point, officials disguised the aircraft 
when it was on the ground by fitting a 
dummy four-bladed 7-foot-diameter propeller 
to its nose to make onlookers think the 
Airacomet was a conventional propeller- 
driven airplane. 

The other aircraft is the Hawker-Siddeley 
Kestrel, a vertical and short take-off and 
landing (V/STOL) research aircraft which is 
here as a representative of a highly 
successful approach to vertical flight and jet- 
vectored aircraft. The first Kestrel flew on 
March 7, 1964, and the Museum's specimen 
wears the NASA markings it bore during its 
210 test flights made under the auspices of 
the National Aeronautics and Space 
Administration at the Langley Research 
Center. Directly beneath the Kestrel a 
continuous-loop movie permits the visitor to 
see this aircraft's amazing ability to rise 
vertically off the ground like a helicopter, 
hover, and dart away. 

Another aim of the Flight Testing gallery is 
to explain what flight research is and what it 
involves. Flight research is undertaken to 
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determine whether an actual machine's 
performance is what has been predicted or 
hoped-for through its design, to provide 
basic information and experience that will 
benefit aeronautical science in general, to 
furnish additional data that will be useful in 
the continuing development of the particular 
series of aircraft being tested, and to provide 
"proof of concept" validation through the 
in-flight testing of new concepts or 
developments. From the very earliest days of 
flight the aims of flight research have been 
the same. 

Orville and Wilbur Wright, who combined 
extensive ground research in their wind- 
tunnel experiments on the behavior of 
various types of wings and propellers with 
flight research aloft, recognized the need for 
acquiring reliable, verified data. Along with 
Otto Lilienthal they acknowledged the 
elemental partnership between ground 
research and flight testing. Wilbur, whom we 
recall compared the testing of a flying 
machine to riding "a fractious horse," stated: 
“If you are looking for perfect safety you will 
do well to sit on a fence and watch the birds, 
but if you really wish to learn you must 
mount a machine and become acquainted 
with its tricks by actual trial." The Wrights' 
determination resulted, on December 17, 
1903, in man's first successful powered 
flight. Orville, who was the test pilot on that 
flight, wrote: 


Americas first flying turbojet. the Bell XP-59A 
Airacomet at Muroc Dry Lake, California, in1942. 


Wilbur ran at the side, holding the machine to 
balance iton the track. The machine, facing a 
27-mile wind, started very slowly. Wilbur was 
able to stay with tt until it lifted from the track 
after a forty-foot run. The course of the fltght up 
and down was exceedingly erratic. The control of 
the front rudder was difftcuit. As a result, the 
machtne would suddenly rise to about ten feet 
and then as suddenly dart for the ground. A 
sudden dart when a ltttle over 120 feet from the 
point at whtch it rose into the air, ended the 
flight. The flight lasted only tweive seconds, but 
it was nevertheless the ftrst in the htstory of the 
world in which a machine carrying a man had 
raised ttself by its own power into the air tn full 
flight. had satled forward without reductton of 
speed, and had finally landed at a point as high 
as that from which tt started. 


As Dr. Richard P. Hallion of NASM's 
Department of Science and Technology has 
written, Orville Wright's post- maiden 
flight analysis "is a model test flight report. It 
presents the test conditions, a critical 
examination and analysis of the airplane's 
stability and control, and finally, a 
summation of the flight's significance." 
Another purpose of this gallery is to 
introduce the visitor to some of the major 
accomplishments of flight research, such as 
the advent of blind flying, stratospheric 
flight research, the introduction of turbojet 
aircraft, the supersonic breakthrough, and 
the development of practical V/STOL aircraft 
such as the Kestrel exhibited in this hall. 
Also on display here is an exact 1:16 scale 
replica of the Consolidated NY-2 in which 
Jimmy Doolittle made the world's first blind 
flight on September 24, 1929. On that day, 
Doolittle climbed into the NY-2's back 
cockpit and closed the hood; Army Lt. 
Benjamin Kelsey rode in the front cockpit as 
safety pilot, but never needed to touch the 
controls. Then, guided only by his gauges, 
including three new aviation instruments— 
a Kollsman precision altimeter, a Sperry 
Gyrocompass, and Sperry artificial 
horizon—and using special radio receivers, 
Doolittle completed the world's first blind 
flight from take-off to landing at Mitchell 
Field, Long Island. 


If the average Museum visitor knows 
anything at all about Wiley Post, it is 
probably only that he was the pilot of the 
plane that crashed near Point Barrow, 
Alaska, killing the humorist Will Rogers, on 
August 15, 1935. And yet Wiley Post, who 
died with Rogers in that crash, was the first 
person to make a solo round-the-world flight 
(July, 1933) and was the winner of aviation's 
top awards. Post was honored by two New 
York ticker-tape parades, was received by two 
Presidents at the White House; he created 
the world's first practical high-altitude 
pressure suit, discovered and was the first to 
take advantage of the jet stream, and at the 
time of his death had flown more hours at 
ground speeds above 300 mph and had more 
flight hours in the stratosphere than any 
other man. Lauren D. Lyman, then aviation 
editor of the New York Times, observed at 
Post's death that it was Wiley Post who 
moved stratospheric flight into the realm of 
reality. Post did it in the Winnie Mae. 

Following his round-the-world flights, 
Wiley Post made several modifications on 
the Winnie Mae to better enable it to make 
long-distance high-altitude flights. Because 
he could not pressurize the airplane's cabin, 
Post asked the B.F. Goodrich Company to 
help him develop a full-pressure suit he 
could wear while flying the plane. In spite of 
the suit being created in response to the 
limitations of his aircraft, Post's suit, 
consisting of three layers (long underwear, 
an inner black rubber air pressure bladder, 
and an outer cloth contoured suit), and 
helmet (containing a special oxygen 
breathing system and outlets for earphones 
and a throat microphone) must be ; 
considered the ancestor of the sort of full- 
pressure suits used in the X-15 research 
aircraft and those worn by the astronauts. 
The Winnie Mae was equipped with a 
supercharger, a special jettisonable landing 
gear, and a metal-covered spruce landing 
skid glued to the bottom of the fuselage. In 
late July, 1934, Post had declared his 
intention to fly across the country at an 
altitude of more than 30,000 feet, thereby to 
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take advantage of the high-altitude winds 
he knew existed. 

After months of preparation Post was 
ready, and early in the morning on February 
22, 1935, he put on his pressure suit and 
helmet, entered the Winnie Mae, and took 
offinto the darkness and dense fog 
surrounding Burbank, California, for New 
York. At an altitude of about 200 feet, just 


before climbing through the clouds, Post 
jettisoned his landing gear to lighten and 
streamline his plane and, shortly thereafter, 
just 31 minutes into the flight, his engine 
began throwing oil. Post prepared for an 
emergency landing on Muroc Dry Lake in 
the Mojave Desert. The Winnie Mae was 
carrying more than 300 gallons of fuel and 
Post had no way to dump it prior to the 


forced landing. In spite of the danger, Post, 
superb pilot that he was, skillfully glided 
down to so smooth a landing that H.E. 
Mertz, who was but 400 yards away 
tinkering on a wind-powered "sail car," did 
not even hear the Winnie Mae land. When 
Wiley Post, still wearing his high-altitude 
full-pressure suit and helmet, walked up to 
Mertz to ask his help in removing the 


helmet's rear wing nuts, Mertz nearly 
fainted in terror. lt was subsequently 
learned that the Winnie Mae had been 
sabotaged: a quart of emery dust had been 
placed in the supercharger's air intake the 
night before the flight. The moment the 
supercharger was cut in, the emery dust 
was sucked into the engine where it ground 
down the piston rings and wreaked such 


Famed aviator Wiley Post completed two 
round-the-world record flights in 1931 and 
1933 and a series of special high-altitude 
substratospheric flights in the Winnie Mae, 
a modified Lockheed Vega. 
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The direct ancestor of all American jet- 
propelled airplanes, this historic Bell XP-59A 
Airacomet was a closely guarded wartime 
secret when itflew in 1942, 
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havoc that the engine had to be completely 
rebuilt. The sabotage had been performed at 
the instigation of a jealous pilot who 
thought Post's successes were jeopardizing 
his own chances for sponsorship. 

Three weeks later, on March 15, 1935, 
Wiley Post took off on a second 
transcontinental record attempt. One 
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hundred miles east of Cleveland, Post ran 
out of oxygen and had to turn back. He 
landed the Winnie Mae again on her belly, 
and after he climbed out and his pressure 
suit was removed Post learned that he had 
covered the 2,035 miles in 7 hours and 9 
minutes. That meant that not only had the 
Winnie Mae averaged 279 miles per hour, 


which was over a hundred miles faster than Flight monograph, “Within a quarter of a 


her normal maximum speed, but that at century of Post's high altitude flights, men, 
times the Winnie Mae had been traveling as women, and children would be hurtling 
fast as 340 miles per hour! There was no through the stratosphere at almost the 
question about it: Wiley Post and his Winnie speed of sound in the comfortable 

Mae had been in the jet stream. As Stanley R. pressurized cabins of jetliners, wholly 
Mohler, M.D., and Bobby H. Johnson, Ph.D., ignorant of the frustrating labors of 1934 
wrote for a NASM Smithsonian Annals of and 1935, unmindful of the man who met 


Thomas Edison's complaint about the Wright 
brothers’ flight was that no aircraft could 

be considered truly practical until it could 
rise from the ground and settle back again, 
vertically. Using a special “vectored thrust" 
turbo-fan engine,this 1964 Hawker XV-6A 
Kestrel could rise straight up, hover, dart 
away in horizontal flight, slow and settle 
vertically back down on the ground. The 
success of the experimental Kestrel led to the 
development of the world's first Vertical Take- 
Off and Landing (VTOL) jet fighter. the 
Hawker Siddeley Harrier now in service with 
the British Royal Air Force and the U.S. 
Marine Corps. 
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the difficulties in their rudest shapes. Yet 
every time a contrail runs its white chalkline 
across the blue, it deserves recollection that 
it was Wiley Post who pointed the way to 
putting it there." 

Although flight research is a business 
oriented around science, fact, and actual 
observation, and the test pilot is a highly 
skilled professional, there are moments 
when even the most disciplined test pilot 
cannot resist showing off a little. Test pilot 
Scott Crossfield, who smashed numerous 
speed barriers in such supersonic research 
aircraft as the Douglas D-558 Skyrocket and 
North American's X-15, tells of a different 
sort of barrier he broke through while 
testing an F-100 Super Sabre of the sort 
that had already cost the life of George 
Welch, North America's top test pilot: 


When I reached 35,000, I leveled the ship. At that 
very instant a blaze of red flashed on my 
instrument panel. Fire in the compressor 
section.... There was an old and tired axiom 
about it at Edwards |Air Force Base|: "If youseea 
compressor fire-warning light and you haven't 
blown up. well, you're going to in just a second.” 1 
got busy fast. I throttled back on the engine. AsT 
did, the fire-warning light flickered and dimmed. 
Then it flashed back on again full strength. 
However. І saw no other signs of real fire, so l 
concluded that it was a false warning. I would 
bring the ship down dead stick.... There was a 
big debate raging among pilots at Edwards about 
whether or not a F-100 could be landed dead 
Stick. I was not concerned. Every test pilot 
develops a strong point. І was certain that my 
talent lay in dead stick landings. 

I called Edwards and declared an emergency. 
All airborne planes in the vicinity were warned 
away. I held the ailing F-100 on course, dropping 
swiftly, lining up for a dead stick landing. I flared 
out and touched down smoothly. It was in fact 
one of the best landings I ever made. | then 
proceeded to violate a cardinal rule of aviation: 
never try tricks with a compromised airplane. 1 
had already achieved the exceptional, now 1 
would end it with a flourish. I would snake the 
stricken F-100 right up the ramp and bring it to 
a stop immediately in front of the NACA hangar. It 
[would be] a fine touch. After the first successful 
dead stick landing in a F-100 it would be fitting. 

According to the F-100 handbook, the 
hydraulic brake system was good for three 
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"cycles" (pumps on the brake) engine out. The 
F-100 was moving at about 15 mph when 1 
turned up the 1amp. I hit the brakes once, twice, 
three times, the plane slowed but not enough. I 
hit the brakes a fourth time—and my foot went 
clear to the floorboards. The hydraulic fluid was 
exhausted. The F-100 rolled on, straight between 
the yawning hangar doors! 

The NACA hangar was then crowded with 
expensive research tools—the Skyrocket, the 
X-3, X-4 and X-5. Yet somehow, my plane, 
refusing to halt, squeezed by them all and bored 
steadily on toward the side wall of the hangar. 

The nose of the F-100 crunched through the 
corrugated aluminum, punching out an eight- 
inch steel I-beam. I was lucky. Had the nose 
bopped three feet to the left or right, the results 
could have been catastrophic. Hitting to the 
right I would have set off the hangar fire-deluge 
system, flooding the hangar with 50,000 barrels 
of water and ruining all the expensive airplanes. 
Hitting to the left I would have dislodged a 25-ton 
hangar door counterweight, bringing it down on 
the F-100 cockpit, and doubtless ruining 
Crossfield. 

Chuck Yeager never let me forget that incident. 
He drew many laughs at congregations of pilots 
by opening his talk, "Well, the sonic wall was 
mine. The hangar wall was Crossfield's." That's 
the way it was at Edwards. Hero one minute, 
bum the next. 

—Always Another Dawn, by Scott Crossfield 


Wind-tunnel displays and models are 
exhibited to demonstrate the importance of 
ground research and its connection with 
flight research. Any object that moves 
through the air creates pressure 
disturbances: the disturbance waves 
expand much like the bow waves of a boat 
as it cuts through the water. An aircraft's 
disturbance wave moves ahead of it at the 
speed of sound, and as the vehicle's velocity 
approaches that speed, it will catch up with 
its own forward-moving pressure wavefront. 
At transonic speeds—those transitional 
speeds between subsonic and supersonic 
(velocities between Mach 0.7 and Mach 
1.3)—shock waves form on the airplane, 
stream from its fuselage. wings. and tail. The 
center of lift shifts, which results in changes 
in trim, stability, and control forces. During 
World War П fighter pilots in high-speed 
dives would suddenly and terrifyingly 


The milestone X-15 rocket-powered aircraft was drop-launched from a B-52 Stratofortress. 


encounter transonic phenomena: severe 
buffeting would shake the plane, controls 
would "freeze," sometimes planes broke up 
in flight. 

'The problem was how could scientists and 
engineers acquire the sort of factual data 
they needed on transonic and supersonic 
flight when conventional wind tunnels 
“choked,” that is, made it impossible to gain 
accurate measurements because shock 
waves from the model being tested and its 
supports bounced like echoes off the wind 
tunnel's walls? lt was known that the 
airspeed over the upper surface of a moving 
wing is greater than in the general air 
stream. And models were attached on the 
upper wing of actual airplanes to take 
advantage of this phenomenon. An aircraft 
flying at from Mach 0.5 to Mach 0.75 would 
have an airflow speed around the model of 
from Mach 0.8 to Mach 1.1. Models, too, were 
dropped like bombs. The bright yellow 2/5 
scale model of a Grumman XF8F Bearcat 
displayed was carried up to 35,000 feet in a 
B-17, then released. Telemetry equipment 


carried in the model's forward compartment 
transmitted information on airspeed. 
aerodynamic loads. control positions, and 
control forces as the model dove, reaching 
speeds of 600 mph. on its way down to 
20.000 feet. The model would then be pulled 
out of its dive. its parachute would be 
popped. and it would float gently down into 
the ocean off Wallops Island, Virginia, where 
it would be retrieved and used again. With 
the development of the porous and slotted- 
throat wind tunnel, which eliminated the 
problems conventional tunnels had with 
“choking,” aerodynamics researchers were 
again able to gain much more useful 
transonic and supersonic data from ground 
testing. 

One of the most dramatic examples of how 
ground research can result. in some cases, 
in basic changes in an aircraft's design is the 
exhibit related to the Convair F-102 
interceptor. When this aircraft completed its 
initial flight tests in 1954, because of 
unforeseen high-drag characteristics it 
could not excecd the speed of sound. Richard 
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On the morning of November 20, 
1953, piloted by Scott Crossfield. the 
Douglas D-558-2 Skyrocket, now 
suspended above the east moving 
staircase, became the first aircraft to 
exceed twice the speed of sound. 
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The stubby-winged Lockheed 
F-104 Starfighter. hanging above 
the west moving staircase, was the 
United States' first interceptor 
capable of flying at sustained 
speeds above Mach 2. When the 
F-104 joined operational fighter 
squadrons in 1958. it set so many 
world speed and altitude records, 
the aircraft was nicknamed "the 
missile with a man in it." 


Whitcomb's ground research in wind 
tunnels revealed the value of "area ruling." 
The NASA scientist's discoveries led to the 
F-102's having a new "coke bottle" fuselage 
design, and when this new form was tested. 
the F-102 handily broke the sound barrier. 
Flight research thereby validated an 
important new principle of aircraft design 
that ground research had discovered. 
Displayed nearby is a wind-tunnel model of 
the Bell X-2 tested in 1946 by NACA at the 
Langley Aeronautical Laboratory's 300 mph 
wind tunnel. Ten years after wind tunnel 
tests were begun on this model, after ten 
years of extended, laborious ground testing 
resulted in major modifications to its design. 
this now nearly forgotten research aircraft 
became on September 27, 1956. the first 
airplane to fly three times the speed of 
sound. The Bell X-2 was also the first aircraft 
to reach an altitude of 126,200 feet. 

The Flight Testing gallery blends serious 
scholarship with lighter, popularly oriented 
exhibit units to demonstrate to the Museum 
visitor the importance of flight testing to the 
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Here is a "cruise mis- 
sile" under develop- 
ment by the U.S. 
Navy. Designed to be / | 
launched from air- 

craft, submerged sub- 

marines, surface 

ships, and land plat- 

forms, the Tomahawk 

has the capability of | 
navigating over land t 
and performing low- 
altitude terrain-fol- 
lowing and evasive 
maneuvers while de- 
livering either a con- 
ventional or nuclear 
warhead on its target. 


A wind-tunnel model of the now nearly 
forgotten research aircraft, the 

Bell X-2, which on September 27,1956, 
became the first aircraft to fly at 

three times the speed of sound. 
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development of new aircraft and to the 
derivation of new knowledge in the 
aeronautical sciences. The last exhibits in 
this gallery are a Tomahawk and an Air 
Launched Cruise Missile (ALCM), and their 
location seems appropriate since the cruise 
missile has been called an old concept with 
modern technology. Over the years 
unmanned, self-propelled missiles have been 
known by several names: pilotless bombers, 
drones, Buzz Bombs, Bugs, Hound Dogs; 
like similar self-propelled, unmanned 
weapons now under development 
throughout the world, the Tomahawk and 
ALCM are winged vehicles employing 
extremely sophisticated and accurate 
guidance systems that enable them to fly 
beneath most air defense radar coverage and 
to navigate overland performing low-altitude 
terrain-following and evasive maneuvers 
while homing in on their assigned targets. 
The Tomahawk is being developed by the 
U.S. Navy and can be launched from aircraft, 
surface ships, submerged submarines, and 
land platforms. The ALCM, being developed 
by Boeing and the U.S. Air Force, is an air-to- 
surface, nuclear-armed missile designed to 
be launched from a Boeing B-52 bomber. 
Either the Tomahawk or the ALCM is 
expected to be operational by 1980. 
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Chet Engle. Chuck Yeager. 1964. Oil on panel, 31% x 39%". 
Giftof Lockheed Aircraft Corporation 
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dm Edison's comment about the 
Wright brothers' flight was that no aircraft 
could be considered truly practical until it 
could rise from the ground and settle back 
again, vertically. It must then have 

seemed an impossible task since, as far back 
as the twelfth century, when the Chinese 
inserted wooden wings into the top 

end ofa stick. then spun them into the air, 
men had been trying unsuccessfully to 
achieve vertical flight. And yet on November 
13, 1907, not quite four years after 

the Wrights' twelve-second flight near 

Kitty Hawk,a twin rotor-bladed, rigidly 
trapeze-braced, bicycle-wheeled, and 
seemingly perfectly symmetrical machine 
built by Paul Cornu of France developed 
enough lift to raise itself and its pilot about 
six feet off the ground for almost twenty 
seconds. Still, another thirty years would 
pass before the first practical helicopter, the 
Focke-Achgelis FW-61, would fly. This 
machine was built by Germany's Dr. 
Heinrich Focke, whose previous experiments 
with autogiros were evident in the FW-61's 
design. The Focke-Achgelis FW-61 could 
achieve a speed of 76 mph and remain aloft 
for nearly an hour and a halt. 

The National Air and Space Museum has 
such an extensive collection of helicopters, 
autogiros, and other types of vertical-flight 
aircraft that it was difficult to choose which 
vehicles to display in this gallery. The 
decision was made to exhibit only rotor-wing 
aircraft here although some of the other 
forms are pictured or displayed as models. 
The layout of the gallery is not oriented to the 
progressive development of rotor-wing 
aircraft since the majority of the machines 
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on exhibit were developed between the 
mid-1940s and mid-1950s. Emphasis 
instead has been placed on displaying the 
various design configurations rotor-wing 
aircraft have taken and to demonstrate the 
principles of flight and control associated 
with those configurations. 

Immediately upon entering the gallery the 
visitor is confronted by a flock of somewhat 
bizarre-looking machines suspended from 
wires or atop platforms set at various levels 
upon the gallery floor so that one's first 
image is of an air space crowded with rotor- 
wing flying machines. This impression 
reflects the momentary post-World War II 
euphoric belief that this newly perfected 
machine was going to become as abundant 
and commonplace as the automobile and, 
like the automobile, every family would want 
to have one. Unfortunately the machines 
cost too much for mass acceptance. 
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Leonardo da Vinci's fifteenth-century sketch of 
a Helix, a precursor of modern helicopter design. 


Near the entrance to the gallery the visitor 
comes upon illustrations and models of early 
rotor-wing attempts: a replica of the Chinese 
"flying top," which was quite possibly the first 
man-made object designed to fly under its 
own power. There, too, is a reproduction of 
one of Leonardo da Vinci's fifteenth-century 
notebook sketches of a Helix, his proposed 
helicopter design. Four men would, 
theoretically, push turn bars attached to a 
shaft atop which a large “airscrew” was 
fixed. The men, racing around the circular 
platform at the Helix's base, would literally 
screw their machine into the air. Da Vinci 
was much more fascinated with designing 
ornithopters (devices with flapping wings) 
than helicopters. however, and dozens of 
drawings of ornithopters fill his notebooks. 
It has been suggested that if Leonardo da 
Vinci had devoted one-tenth of the attention 
and time he spent designing ornithopters on 
inventing fixed-wing gliders instead, he 
might have developed a working, man- 
carrying glider four hundred years before 
Lilienthal. But then, like Lilienthal. he would 
have been frustrated by the lack of a suitably 
powerful but lightweight means of 
propulsion. That same problem haunted all 
the early aviation pioneers whether they 
were attempting to design fixed-wing or 
rotor-wing craft or, like the Englishman Sir 
George Cayley, both. It was Cayley who wrote 
in 1809, "The whole problem is confined 
within these limits, viz. —to make a surface 
support a given weight by the application of 
power to the resistance of air." A full-size 
reproduction of Cayley's 1796 feather-and- 
cork ^helicopter" is in this gallery. It could 
rise about fifteen feet into the air. Twelve years 
earlier, in 1784, two Frenchmen, Launoy and 
Bienvenu, had demonstrated the lifting 
capability of two pairs of contrarotating 
blades which spun about a vertical shaft. 
Cayley's and the Frenchmen's models 
recognized and took advantage of the basic 
principles of vertical flight and were 
fundamental steps in the development of 
helicopters. 

Encouraged by Cayley, David Mayer, 


another Englishman, built a full-size man- 
powered helicopter in about 1825. Mayer 
anticipated the sort of explanation 
forwarded by government contract-seeking 
experimental aircraft designers by about 150 
years when he described his machine's 
failure to leave the ground as "very flattering, 
if not perfectly successful." 

And then in 1842 yet another Englishman, 
W.H. Phillips. flew what may have been the 
world's first engine-driven model aircraft 
that did not depend upon the use of springs. 
elastics, or other power devices of short 
duration. Steam from a small boiler in 
Phillips' machine pushed through a hollow 
rotor shaft, then out through rear-facing 
vents at the tips of the propeller blades. This 
primitive form of jet propulsion caused the 
blades to spin and the model craft to rise. 
Unlike Langley's Aerodome #5, however, 
Phillips' model was incapable of any 
sustained flight. 

As the twentieth century commenced, full- 
scale helicopters began to meet with some 
success as designers from all over the world 
focused their attention upon the problems of 
vertical flight. 1п 1907 two Frenchmen, Louis 
Breguet and Charles Richet. built the first 
manned helicopter to leave the ground. Their 
machine, the Breguet Gyroplane £1, rose 
about three and a half feet into the air, but 
assistants placed at each of the machine's 
four corners were required to provide control 
and stability. Paul Cornu's helicopter, which 
rose six feet into the air that same year and 
did not require tie-down ropes, must be 
considered the first "successful" helicopter 
although, like the Breguet Gyroplane, 
Cornu's helicopter lacked adequate control. 
In Russia, in 1909, Igor Sikorsky, then 
twenty years old, built his first helicopter 
but it lacked power to fly. The following year 
he built a helicopter that could lift its own 
weight—but not, regrettably, the additional 
weight of its pilot. Disillusioned, Sikorsky 
abandoned helicopters for airplanes and, in 
1913, built the world’s first four-engined 
airplane. 

In 1912, Jacob Ellehamer, a Danish 
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lone Sikorsku's original XR-4 
(1942), the first helicopter (n the 
world to enter production, 
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aviation pioneer, constructed a helicopter 
with two coaxial rotors, but in the four years 
he devoted to it, his machine never rose more 
than a few inches off the ground and he gave 
up. Ten years would pass as helicopter 
inventors continued to be frustrated by their 
inability to control their machines, and then 
in 1923, rotor-wing aircraft took a new turn 
with the development and testing of 
autogiros. 

An autogiro requires the forward pull of a 
conventionally mounted aircraft engine and 
propeller to create the moving airstream 
through which its “lifting wings"—a set of 
windmilling rotor blades— glide. The 
important distinction between helicopter 
blade action and autogiro blade action is 
that air flows down through helicopter 
blades and up through autogiro blades. 
Juan de la Cierva, a Spaniard, created a 
successful autogiro in 1923 when he 
attached flapped hinges to each of his 
autogiro's four rotor blades, thus providing 
his machine with the balance and stability 
essential to helicopter control. 

Oemichen's 1924 helicopter must have 


been one of the most astonishing machines. 
Powered by a single 120 hp engine, the 
Frenchman's craft had thirteen separate 
transmissions going to four main rotors for 
lift, two propellers for forward propulsion, a 
vertical propeller for steering. and five 
auxiliary borizontal propellers for control. 
Incredibly enough this t welve-propellered 
machine made over 1,000 flights, many of 
which lasted several minutes in duration. 
One is tempted to say it was later converted 
into a sawmill, but there is no evidence to 
support that. 

In 1930 von Baumhauer, a Dutchman, 
built a machine that had a single main rotor 
powered by a 200 hp engine and a small tail 
rotor powered by an 80 hp engine to provide 
control. This small tail rotor would 
counteract the torque of the main rotor and 
although Baumhauer' helicopter was 
damaged before his design could prove itself, 
Sikorsky's subsequent success utilizing 
Baumhauers principle as a prototype shows 
the importance of the Dutchman's vision. 
Seven years later, in 1937, Germany's Dr. 
Heinrich Focke, as mentioned, built his 


Igor Sikorsky proudly sits in the rescue sling of one of his R-4s. 


The Kellett YO-60 autogiro was developed in 1942 as an observation 
aircraft for the United States Army Air Force. 


Focke-Achgelis FW-61, the world's first 
practical helicopter. 

In 1940, Igor Sikorsky returned to the 
study of helicopters after an absence of thirty 
years. Now an American citizen and already 
famous for his multi-engine aircraft and 
flying boat designs, Sikorsky, in 1941, 
established a helicopter world endurance 
record with the VS-300, his first successful 
helicopter design. Based on this 
success, the U. S. Army awarded a 
development contract to Sikorsky for a 
machine produced in sufficient quantity to 
fill military needs. The VS-300 led to the 
XR-4, which completed the first extended 
cross-country flight by covering 761 miles 
from the Sikorsky plant in Connecticut to 
the Wright Field Army Base in Ohio on May 
18, 1942. With a few modifications and 
minor design refinements the XR-4 became 
the R-4, the first helicopter in the world to 
enter production. One hundred and 
thirty-one R-4s were built during World War 


ll and the original XR-4 is now on display in 
the Vertical Flight gallery. 

Among the other major artifacts on display 
in this gallery is the Kellett XO-60 autogiro, 
which crouches like some giant insect near 
the entrance door. An autogiro's ability to 
provide a slow, stable platform, to fly close 
enough to the ground for observation, and to 
make near-vertical take-offs and landings 
was quickly recognized as having military 
potential. In the Kellett autogiro the pilot sat 
forward of the observer, whose seat could be 
swiveled to face the front or rear. The cockpit 
canopy bulged over the fuselage so that the 
occupants could look down over the sides of 
the aircraft without sticking their heads into 
the wind. Windows were also provided in the 
fuselage floor. After several modifications to 
the rotor pylon. landing gear, and tail fins. 
the aircraft was accepted by the Army Air 
Forces in 1943. Unlike earlier autogiro 
designs, the Kellett's rotor wing was linked 
to the engine for "jump" starts. 
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The Kellett XO-60 autogiro crouches like a 
giant insect near the Vertical Flight gallery's 
entrance door. 


The rotor would be turned to near-takeoff 
speed while the autogiro was still at rest. 
This, combined with normal propeller 
thrust, made a short takeoff possible. On 
the ground the blades could be folded back 
for easy storage and transport. 

Also on exhibit is the Pitcairn AC-35 
roadable autogiro, a good idea whose time 
never came. Designed in response to the 
dream of having an airplane in everyone's 
garage. the autogiro could fly at about 75 
mph, land in a confined space, and then the 
pilot would emerge, fold back the rotor 
blades, disengage the propeller, climb back 
in and drive off down the road at a modest 25 
mph, turn into his driveway and park his 
Pitcairn in his garage. The cabin seated two 
persons side by side with space for hand 
luggage behind them. The engine was 
connected by a shaft to the tailwheel, which 
provided the motor power on the road; the 
front wheels were used for steering. 

James G. Ray. vice-president and chief test 
pilot of the Autogiro Company of America, 
flew the Pitcairn autogiro to the capital on 
October 2, 1936, landed in a small downtown 
Washington park near the Department of 
Commerce building, and then converted the 
autogiro to its roadable configuration. With 
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October 2, 1936: James G. Ray of the Autogiro Company of America 


a slightly unhappy looking police escort, Ray 
drove the autogiro to the main entrance of 
the Commerce building, where John H. 
Geisse, chief of the department's 
Aeronautics Branch, accepted the craft for 
the Department of Commerce and it was 
taken to the department hangar at Bolling 
Field for testing. As recently as the 
mid-1960s a company attempted to produce 
autogiros based on the Pitcairn design, but 
it went out of business. 

A second Sikorsky helicopter in this gallery 
is his larger, later UH-34D medium-assault 
helicopter—a machine familiar to post- 
Korean War and Vietnam-era servicemen. 
Designed in 1954 initially for antisubmarine 
warfare (ASW) and designated the HSS. this 
design's performance was so outstanding it 
achieved world speed records: 100 kilometers 
at 141.9 mph: 1,000 kilometers at 132.6 
mph. Navy pilots called it the “pushbutton” 
helicopter since when placed on automatic 
pilot it would maintain an 80-knot airspeed 
two hundred feet above the ocean and then, 
at a preselected spot, automatically dip down 
to fifty feet, hover and lower its sophisticated 
sonar gear into the water. The Marines and 
Army used this type of helicopter for assault 
missions, wire laying. artillery spotting, 


driving down Washington, D.C.'s Constitution Avenue on his way to 
the Commerce Building in a Pitcairn AC-35 roadable autogiro. 
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A Marine Corps UH-34D was used in the recovery of Americas first astronaut, Alan B. Shepard. 


medical evacuation, and as a troop and 
supply transport. AUH-34D in 1961 fished 
Alan Shepard and his Freedom 7 spacecraft 
out of the water following Shepard's first 
American in space suborbital testing of the 
Mercury spacecraft. This event marked the 
beginning of helicopter use for the recovery 
of space vehicles. The Museum's specimen 
wears the markings of Marine Medium 
Helicopter Squadron 163, a combat unit 
which served in the Da Nang area of Vietnam 
in 1965 and was one of the most highly 
decorated Marine helicopter squadrons of 
the Vietnam War. 

That little bubble-canopied Bell VH-13J in 
the gallery is the first helicopter to carry a 
President of the United States. Although 
then-President Dwight D. Eisenhower made 
only one trip in it—a quick hop from the 
south lawn of the White House to a military 
command post not far from Washington as 
part of a military exercise on July 13, 1957— 
the significance of this flight is that it 
marked the coming of age of helicopters. If 
officials were willing to entrust the life of the 
President of the United States to a helicopter 
then those machines must be safe. 

That bright yellow small twin coaxial 


counter-rotating helicopter-bladed aircraft 
was built by a teenager, Stanley Hiller, Jr. It 
is an XH-44, more popularly known as a 
"Hiller-copter," and he was seventeen in 1942 
when he started work on it. By the time he 
was nineteen he was using it to make 
numerous demonstration flights. The Hiller- 
copter was the first successful twin coaxial 
counter-rotating blade helicopter in the 
United States. Hiller wanted to design a 
helicopter without a tail rotor because he 
believed tail rotors robbed almost 40 
percent of an engine's power from the lifting 
rotor. Counter-rotating blades, Hiller felt, 
would eliminate much of the vibration 
existing in then-conventional helicopters 
which made them so difficult to fly. Hiller's 
counter-rotating blades canceled out each 
other's torque, and the craft was so stable 
that Hiller liked to demonstrate the success 
of his design by sticking both hands out the 
craft's windows while in flight. Only one 
XH-44 was built since subsequent models 
were so improved. 

Another Hiller creation in the gallery is his 
"Flying Platform," which was designed to be 
an "airborne motorcycle." It operated on the 
ducted-fan principle; two counter-rotating 
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Young Stanley Hiller, Jr., lands his float- 
equipped XH-44 in a backyard swimming 
pool. 


blades in the duct provided lift and 
propulsion and the craft would move in the 
direction the pilot leaned. Its inherent 
tendency to right itself made sustained flight 
in any one direction difficult to achieve. 
Another seemingly good idea was the 
Pentecost "Hoppicopter," which was a pair of 
engine-driven counter-rotating blades a man 
wore over his shoulders like a parachute 
harness. In theory a man wearing this 
engine-and-blade assembly could go 80 mph 
and reach 12,000 feet. The problem lay in the 
landing gear: the wearer's legs. If the pilot 
stumbled or tripped on landing or take-off 
the whirling blades would strike the ground 
and shatter into a mass of jagged splinters, 
thus ending the flight and quite possibly the 
wearer's life. 

The Bensen Gyro-Glider (1954) and Focke- 
Achgelis FA-330 (1942) were rotor-winged 
gliders designed to be towed. The Focke- 
Achgelis was pulled behind a submarine to 
provide the German U-boat with long-range 
visibility. The pilot-observer, being towed 
along at an altitude of 200 to 500 feet, could 
telephone the submarine commander 
information from his higher vantage point. 
The FA-330's use was restricted by the 
discovery that they, too, could be seen from 
greater distances: they showed up on radar. 

Although the dream of a flying machine in 
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Hiller's Flying Platform was designed as an 
airborne motorcycle for both military and 
civilian use. 


The Pentecost Hoppicopter was supposed to 
propel a man up to 80 mph at a maximum 
altitude of 12,000 feet. 


The bubble-nosed Bell VH-13J Ranger became, оп July 13, 1957, 
the first helicopter to carry a president ofthe United States. 


every man's garage has never been realized, 
visitors to the Vertical Flight gallery emerge 
with a greater understanding of the variety 
of uses to which vertical-flight aircraft have 
been put. Helicopter airliners shuttle 
between this nation's major airports and 
downtown terminals, eliminating the hassle 
of crowded rush-hour streets. Helicopters 
save businessmen time, moving them swiftly 
from point to point. The helicopters' 
suitability for rescue work is well known; 
their ability to hover over otherwise inacces- 
sible areas makes them indispensable for 
this task. The downwash of a helicopter's 
rotor blades is useful for fighting fires. A 
helicopter can reach a crash fire-site quickly 
and once there the downwash helps disperse 
the heat and flame so that rescuers can 
approach a crash fire in greater safety. This 
same downwash evenly distributes 
agricultural chemicals over foliage and hard- 
to-reach ground areas. Traffic and police 
helicopters crisscross over our cities. “Flying 
cranes” assist in an endless variety of aerial 


lifting tasks. The military application of 
helicopters as gunships, air assault weapons, 
and medical evacuation and supply ships 
has changed the face of war. 

Although the Vertical Flight gallery 
naturally concentrates on rotor-wing 
aircraft, other forms of vertical flight are 
mentioned and shown. The increase in 
engine thrust-to-weight ratio has made 
possible vertical flight that is not dependent 
upon the aerodynamic lift of rotating wings. 
Several concepts including aircraft with tilt- 
wings, tilt-props, and directed thrust lift 
reflect designers’ attempts to replace the 
helicopter—which is limited in forward 
speed —with high-performance vertical take- 
off-and-landing (VTOL) machines. 
Photographs depict the 1953 Bell ATV, a 
gimbal-mounted jet engine aircraft that was 
a feasibility test model only, and the 
propeller-driven Convair XFV-1 vertiplane of 
1954 known as the “Pogo Stick."which 
was built as a test vehicle. A Hawker- 
Siddeley P. 1127 Kestrel is on display 


The German Focke-Achgelis FA 330, here being ground-tested, was 
designed in 1942 to be towed behind U-boats to provide an 
observation platform. 
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The Museum's specimen Pitcairn AC-35 is an example of a good 
idea whose time never came. Designed in 1935 to be the "aircraft in 
everyone's garage." the Pitcairn roadable aircraft could reach a 
modest 25 mph maximum speed on the ground and about 75 mph 
in the air. 
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in the Flight Testing gallery on this same 
floor. The Kestrel, a 1965 aircraft which 

in its advanced version, the Harrier, serves 
with U.S. Marine Corps units, isa 

British design employing the modified jet- 
engine vectored thrust principle, which 
permits the pilot to direct his thrust vector 
upward or forward by deflecting the jet 
exhaust downward or rearward. 
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The Vertical Flight gallery touches upon 
most, if not all, of the many facets by which 
vertical flight can be achieved. Today all 
shapes and sizes of helicopters dart like 
dragonflies through the air. Perhaps, in the 
not so distant future, a Volkscopter will be 
developed for everyone's garage; but 
somehow, the resulting chaos might be one 
aspect of progress we could do without. 


Sea-Air Operations 


April 5th. At sea. 
I've never counted how many times a day the 
bos'n's mates pass the word, but I'd bet we 
never have 15 consecutive minutes without 
their "Peeeeep! Now, hear this—" Between 
sunrise and the end of the working day. we 
must hear 50 or 60 calls. They are so familiar by 
now that all we need is the opening phrase; the 
rest we can supply from memory. As soon as the 
pipe peeps and the bos'n's mate says, "Turn 
to!”, we know that this will follow: "All sweepers, 
man your brooms! Clean sweep-down, fore and 
aft! Empty all trash cans and spit-kits"— 
delivered in a singsong cadence, with the last 
syllable of each phrase drawn out and falling. 
Here are some of the calls we hear most often: 
"All extra-duty men lay down to the master-at- 
arms’ shack.” 
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R.G. Smith. Curtiss SOC-1. 1975. Oil on canvas, 33% x 23%". Gift of the M.P.B. Corporation 


“General Quarters! General Quarters! All 
hands man your battle stations on the double!” 
“Now, the smoking lamp is out throughout 
the ship while taking aboard aviation gasoline 

and fuel oil.” 

“Relieve the watch!” 

“Now five hands from the K division and ten 
hands from the fifth division report to the First 
Lieutenant at Number 1 crane.” 

Pat Garvan told me he knew an officer of the 
deck who got so fed up with the whole business, 
he had this word passed: "Now all those who 
have not done so, do so immediately.” My own 
favorite is, “Now the man with the key to the 
garbage-grinder lay below and grind same." 

—Atrcraft Carrier. 
by Lt. Cmdr. J. Bryan Ш 


The entrance to the USS Smithsonians Hangar Deck is through the traditional Quarter Deck. 


A Douglas SBD-6 Dauntless is 
suspended above a Grumman 
FM-1 (FAF-4) Wildcat in the 
gallery's realistic Hangar Deck. 


qu Sea-Air Operations gallery is 
unquestionably one of the most ambitious 
exhibits in the National Air and Space 
Museum since it attempts to recreate the 
environment of a United States Navy aircraft 
carrier at sea. 

As the Museum visitor approaches the 
USS Smithsonian (CVM-76), a "carrier for 
all times," he can hear the bos'n's pipes 
before he even reaches the quarter-deck, the 
traditional entrance to Navy ships. There he 
passes between brass stanchions hung with 
Navy macramé, a highly polished ship's bell 
glints overhead, the pipes peep him aboard, 
and the visitor finds himself thrust into an 
aircraft carrier's hangar deck crowded with 
U.S. Navy and Marine Corps aircraft. АП 
about.one sees actual carrier hangar deck 
artifacts, wing tanks, munitions, hoses, 
controls, watertight doors. Stencils direct 
one's attention to fire extinguishers, 
lifejackets, safety equipment. No attempt has 
been made to model the hangar deck after 
any specific aircraft carrier or period since 
the airplanes on exhibit span some forty 
years of Navy flight, but the atmosphere 
seems to fit more the World War II period 
than any other. 

An aircraft carrier's hangar deck serves 
primarily as a protected space for working on 
aircraft, and on an actual ship it is a vast 
area covering almost two acres that spans 
the ship's width and nearly two-thirds of its 
length. Space on a hangar deck isat a 
premium; parked and tied-down aircraft, 
wings folded, are wedged inches apart. Deck 
space not filled with aircraft is occupied by 
the sort of equipment needed for the 


270 


maintenance of highly complex aircraft and 
weapons systems: electronic test equip- 
ment, service parts, spare engines, air 
compressors, et cetera; and the surrounding 
sections or bays contain workshops, storage 
rooms, engine test facilities, and fire mains. 
These bays are separated from the hangar 
deck by huge retractable steel doors which 
can be shut in case of fire or emergency. 
Access doors in the steel deck open when 
munitions from the storage rooms many 
decks below are brought up on the bomb 
elevators. 

During flight operations and peak 
maintenance hours, a hangar deck is a scene 
of frenzied activity with aircraft being 
transferred from the hangar deck to the 
flight deck by the elevators which extend out 
from the sides of the ship. The atmosphere 
in the Smithsonian's hangar deck is 
enhanced by the open hatch against the 
gallery wall,through which the visitor sees 
the sea rushing past. A continuous-film loop 
of about five minutes' duration projects 
scenes of escort destroyers taking up 
stations, rescue helicopters returning to the 
ship. Standing there, one can almost feel the 
hangar deck heave. 

The first aircraft the visitor sees in the 
hangar deck is a stubby Grumman F4F 
Wildcat.* The Wildcat was the Navy's and the 
Marine's basic fighter and the only carrier- 
based fighter operating with the Navy at the 


* Actually. sincethe Museum's specimen was 
manufactured under license by the Eastern 
Aircraft Division of General Motors, this version 
was designated FM-1. 


outbreak of the Second World War. F4Fs first 
saw action at Wake Island when that tiny 
Pacific outpost was attacked on December 8, 
1941, and Marine Fighter Squadron VMF-211 
lost eight of its twelve F4Fs that first day. For 
two more weeks the remaining Wildcats 
fought heroically against the Japanese Zeros, 
which could outmaneuver and outrun them, 
and before December 22nd, the day the 
Japanese landed on Wake Island and the last 
two Wildcats were destroyed. the Marine's 
F4Fs even managed to sink a Japanese 
cruiser and a submarine while continuously 
breaking up air attacks on their island. 

Saburo Sakai, Japan's greatest fighter 
pilot to have survived the war, recalls the day 
he saw a single Wildcat attacking three 
Zeros 1,500 feet below him: 


The Zeros should have been able to take the lone 
Grumman without any trouble, but every time a 
Zero caught the Wildcat before its guns the 
enemy plane flipped away wildly and came out 
again on the tail of a Zero. | had never seen such 
flying before. 

l banked my wings tosignal[my wingman] 
Sasai and dove. The Wildcat was clinging grimly 
to the tail of a Zero, its tracers chewing up the 
wings and tail. In desperation 1 snapped out a 
burst. At once the Grumman snapped away in a 
roll to the right, clawed around in a tight turn, 
and ended up in a climb straight at my own 
plane. Never had I seen an enemy plane move so 
quickly or so gracefully before; and every second 
hís guns were moving closer to the belly of my 
fighter. I snap-rolled in an effort to throw him 
off. He would not be shaken. He was using my 
own favorite tactics, coming up from under. 

I chopped the throttle back and the Zero 
shuddered as lts speed fell. 1t worked; his 
timing off, the enemy pilot pulled back in a 
turn. I slammed the throttle forward agaín, 
rolling to the left. Three times I rolled the Zero, 
then dropped in a spin, and came out in a left 
vertical spiral. The Wildcat matched me turn for 
turn. Our left wings both pointed at a right 
angle to the sea below us, the right wings to the 
sky.... On the fifth spiral, the Wildcat skidded 
slightly. I had him, I thought. But the 
Grumman dropped its nose, gained speed, and 
the pilot again had his plane in full control. 
There was a terrific man behind that stick. 

He made his error, however, in the next 
moment. Instead of swinging back to gointoa 


sixth spiral, he fed power to his engine. broke 
away at an angle, and looped. That was the 
decisive split second. I went right after him, 
cutting inside the Grumman's arc, and came 
out on his tail. 1 had him. He kept flying loops. 
trying to narrow down the distance of each arc. 
Every time he went up and around l cut inside 
his arc and lessened the distance between our 
two planes. The Zero could outfly any fighter in 
the world in this kind of maneuver. 

When I was only 50 yards away, the Wildcat 
broke out of his loop and astonished me by 
flying straight and level. I pumped 200 rounds 
into the Grumman's cockpit, watching the 
bullets chewing up the thin metal skin and 
shattering the glass...the Wildcat continued 
flying as if nothing had happened. A Zero which 
had taken that many bullets into tts vital 
cockpit would have been a ball of fire by now. 1 
could not understand it. 1 slammed the throttle 
forward and closed ín...until our planes were 
flying wing-to-wing formation. ] opened my 
cockpit window and stared out. The Wildcat's 
cockpit canopy was already back, and I could 
see the pilot clearly. He was a big man, with a 
round face. He wore a light khaki uniform. He 
appeared to be middle-aged. not as young as 1 
had expected. 

For several seconds we flew along in our 
bizarre formation, our eyes meeting across the 
narrow space between the two planes. The 
Wtldcat was a shambles. Bullet holes had cut 
the fuselage and wings up from one end to the 
other. The skin of the rudder was gone, and the 
metal ribs stuck out like a skeleton. Now 1 could 
understand hís horizontal flight. Blood stained 
[the pilot's] right shoulder, and I saw the dark 
patch moving downward over his chest. lt was 
incredible that hís plane was still in the air. 

But this was no way to kill a man! Not with 
him flying helplessly, wounded, his plane a 
wreck. I raised my left hand and shook my fist at 
him, shouting, uselessly, I knew, for him to 
fight instead of just flying along like a clay 
pigeon. The American looked startled: he raised 
his right hand weakly and waved. 

1 had never felt so strange before...I honestly 
didn't know whether I should try to finish him 
off. Such thoughts were stupid, of course. 
Wounded or not, he was an enemy, and he had 
almost taken three of my men a few minutes 
before. However, there was no reason to aim for 
the pilot again. I wanted the airplane, not the 
man. 

I dropped back and came in agaín on his 


tail... 
—Samurai! 


by Saburo Sakai with Martin Caidin 
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The Douglas SBD (Scout Bomber Douglas)— 
its pilots said its initials stood for "slow but 
deadiy"—accounted for most of the damage 
sustained from the air by the Japanese 
carriers and other lesser ships during the 
war. The Dauntless carried one 1,000-pound 
bomb on its center rack and two 100-pound 
bombs on its wing-mounted rack. Its 
accurate dive- bombing attack on a 

Japanese fleet during the Battle of Midway 
resulted in the first major defeat suffered by 
the Japanese and made that battle the 
turning point in the war. 
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The F4F, called the Martlet by the British. during its duty with the Fleet Air Arm was the first United States 
aircraft in British service to shoot down a German plane (a JU.88) during World War II. 


Saburo Sakai set fire to the Wildcat's engine 
and he saw the pilot bail out and drift down 
toward the beach at Guadalcanal. Despite 
the Zero's higher performance, which was 
made possible by the sacrifice of armor 
plating, self-sealing fuel tanks, and lighter 
armament in order to gain long range, good 
maneuverability, and high speed, in the 
hands of a skilled pilot the Wildcat could 
hold its own. It was a tough little fighter and 
its ratio of victories to losses during World 
War II was a surprising 6.9 to 1. And even 
when it was superseded by higher- 
performance carrier aircraft such as the 
Grumman F6F Hellcat and the Chance- 
Vought F4U Corsair, the little Wildcat 
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continued in operation off short-decked 
escort carriers throughout the war. The 
cowling on the Museum's F4F was from one 
of Wake Island's defenders and until the 
mid-1960s had served as part of the Wake 
Island Memorial “dedicated to the gallant 
Marine, Naval, Army and Civilian personnel 
who defended Wake against overwhelming 
Japanese invasion armadas, 8 thru 23 
December 1941.” 

Hanging above the Wildcat, as though 
suspended in flight, is a Douglas SBD-6 
Dauntless, the standard Navy dive bomber at 
the outbreak of the war, whose accurate dive- 
bombing attacks upon the Japanese fleet 
during the Battle of Midway resulted in the 


An SBD-5 photographed making a twilight patrol over Wake Island. 


first major naval defeat suffered by the 
Japanese. 

A special section at the left of the Sea- 
Air Operations gallery is given over 
to an exhibit on the Battle of Midway, the 
battle considered by naval historians to have 
been the turning point in the war against 
Japan, and to have been a battle typical of 
World War II naval battles in the Pacific in 
that it was fought by carrier forces and 
submarines without direct contact between 
surface forces. During that battle the 
Japanese lost four of their fleet carriers, two- 
thirds of their fleet carrier total, thereby 
suffering a blow from which their naval 
power in the Pacific would never recover. The 


SBD—its initials stood for Scout Bomber 
Douglas although its pilots said it was for 
"Slow But Deadly" —accounted for most of 
the damage from the air sustained by 
Japanese aircraft carriers and other surface 
ships during the war. It was a compact, 
rugged, and easily serviced aircraft 

that gave an excellent account of itself in 
every engagement in which it took part—and 
it took part in more than was intended since 
it took longer than expected for its replace- 
ment, the Curtiss SB2C, to become 
acceptable for aircraft carrier service. There 
was a saying about the SB2C, too: "If there's 
a harder way to build a plane, Curtiss will 
find it." As for the gull-winged Corsair. one 
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The Boeing F4B-4, one of the best-looking 
biplane fighters, was the last fixed-landing- 
gear fighter in the Navy. FAB-4s saw active 
carrier service until 1937 when they were 
replaced by Grumman's faster biplane 
fighters. The Museum's specimen wears the 
marking of aircraft number 21 Marine Corps 
Squadron VF-9M. The Army version was 
designated the P-12. 


— 


The Douglas A-4C Skyhawk was sometimes 
known as "Heinemann's Hot-Rod" after its 
chief designer, Ed Heinemann, whose 
philosophy was "simplicate and add 
lightness." From the late 1950s through the 
1960s, the A-4 was the backbone of Navy and 
Marine Corps light jet attack forces and saw 
wide use in Vietnam. Unlike many carrier 
aircraft, the A-4, with its relatively small 
wingspan (27 1/2 feet), does not have 
folding wings. 
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a: 
This view of the underside of the Douglas А-4С Skyhawk shows part of the large bomb load carried 
on combat missions. Also visible are an external fuel tank and a nose wheel tow bar. 


USS Smithsonian's helm. 


In the Pilot House, a child takes over the 
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Preceding pages: From the USS 
Smithsonian's Navigation 

Bridge overlooking the flight deck. 
the Captain and visitors watch 
the catapult-launch of jets. 


NASM'S A-4C is shown on the deck of the USS Bon Homme Richard off the coast of Vietnam in 1967. 
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fighter pilot described it as climbing “like a 
homesick angel.” The SBD Dauntless could 
carry a 1,000-pound bomb on its center 
rack and two 100-pound bombs on wing- 
mounted racks, all externally mounted. Two 
.50-caliber machine guns were in the nose 
and the gunner/observer/radioman had a 
flexible mount carrying twin .30-caliber 
machine guns in the rear. Unlike the 
majority of World War II carrier aircraft, the 
Dauntless' wings did not fold. NASM's 
specimen wears the markings of aircraft 
109, which served in combat with VS-51 on 
the USS San Jacinto. 

The sporty-looking little biplane 
suspended from the ceiling behind the 
Dauntless is a Boeing FAB-4, the last fixed- 
gear shipboard fighter to see service in the 
Navy (the Army version of the FAB was the 
P-12). The F4B first flew in 1928 and went 
through various design modifications until 
production of the model displayed in the 
gallery began in 1932. F4B-4s remained in 
active carrier service until 1937 when they 
were replaced by faster biplane fighters built 
by Grumman. The Е4В-4 on exhibit wears 
the markings of U.S. Marine Squadron 
VF-9M. 

The one jet on the hangar deck floor is a 
Douglas A-4C whose wingspan, surprisingly, 
is two and a half feet shorter than the 
biplane over its head. And yet, despite its 
relatively small size, the Skyhawk displayed 
was able to carry some 5,000 pounds of 
bombs, missiles, fuel tanks, and gun pods in 
three stations. Later models, beginning with 
the A-4E, could carry 8,200 pounds in five 
stations. The A-4 was sometimes known as 
"Heinemann's Hotrod" after Ed Heinemann 
of Douglas Aircraft whose design philosophy 
was "simplicate and add lightness." This was 
in response to his concern at the trend 
toward increasing weight and complexity in 
combat aircraft. When he and his design 
team proposed a new attack plane with a 
gross weight of about one-half the official 
specification weight of 30,000 pounds, their 
design was accepted by the Navy and the 
initial contract was let on the A-4 in June 


1952. Because of its small wingspan the A-4 
does not have folding wings; elimination of 
this feature made it possible to build a much 
simpler, lighter wing and, therefore, a much 
lighter plane. The A-4 was the primary Navy 
and Marine light jet attack plane from the 
late 1950s through the 60s and its 
versatility, simplicity, and performance 
made it a valuable asset to both services. 
Throughout the Vietnam War the A-4 was 
noted for its accuracy in attacking selected 
ground targets. The Museum's specimen 
wears the markings it wore when it was 
actually assigned to Navy Attack Squadron 
VA-76 on board the USS Bon Homme 
Richard while operating off the coast of 
Vietnam from March to June, 1967. The A-4 
is displayed with extra fuel tanks. 

After strolling around the aircraft in the 
hangar deck area, the visitor might ascend 
to the upper level "balcony" where he can get 
a different perspective on the planes on 
display. He would then continue along the 
balcony platform through a simulated 
watertight door and continue on into the 
broad passageway between the PRIFLY 
(Primary Flight Control) area and the 
Navigation Bridge. 

An aircraft carrier's navigation bridge is 
located high on the forward edge of the 
carrier's island superstructure and it is 
the normal duty station of the ship's 
commanding officer during sea operations. 
From his large swivel chair on the port 
side of the bridge the Captain has an 
unobstructed view of the flight deck and 
the surrounding sea and air space. The 
navigation bridge and the pilot house are 
open to NASM visitors, and one can stand 
looking over the Captain's shoulder as jets 
are catapulted into the air and spotted about 
the flight deck prior to launch. The rear 
projection movie screens provide an 
extraordinarily realistic idea of what the bow 
of an aircraft carrier looks like during air 
operations. 

The PRIFLY, or Primary Flight Control, 
section of an aircraft carrier serves 
essentially the same role as an airport's 
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control tower. Неге on the Sea-Air 
Operations gallery's second level, a visitor 
can watch aircraft approach the flight deck 
and make their landings. Like the Navigation 
Bridge, the PRIFLY area is also equipped 

with the same radio gear, electronic equip- 
ment, and telephones which were taken 
from actual carriers. Although heis protected 
from the deafening roar of the jets on the 
fight deck and those making their 
approaches by walls of armor plate and glass, 
the visitor can hear what is going on. 

PRIFLY is the nerve center of a carrier during 
day operations; it is where the Air Boss 

can see the entire flight deck, from the two 
steam catapults at the bow all the way 

back to the stern where the Landing Signal 
Officer monitors the approaches of the 
returning aircraft. And while the visitor 
watches all the landing activity, he can 

hear the clatter of teletype, radio chatter, the 
telephones ringing, the Air Boss' orders to 
the deck crews. From the instant “Launch 
Aircraft” is ordered by the Air Boss at dawn 
until the last aircraft has been landed and 
secured for the night, constant, precise 
coordination, both physical and mental, is 
demanded between PRIFLY, the navigation 
bridge, the deck crews, and the pilots as they 
go about their work in a world where there is 
little margin for error. 

The “Ship's Museum” and the Ready Room 
are located below PRIFLY and the Navigation 
Bridge on the same level of the Sea-Air 
Operations gallery as the hangar deck. The 
Ready Room is a theater in which the NASM 
visitor receives a pilot's eye view of carrier 
activity. He is "strapped" into his seat behind 
the pilot while the jet is hooked onto the 
catapult and. as the camera watches over 
the pilot's shoulder, the jet with the visitor 
asa passenger is shot aloft. The visitor 
experiences a mock aerial combat, and 
then, after an inflight refueling, the film 
produced by the Navy has as its most 
sensational sequence a carrier landing. The 
jet banks and turns, the aircraft carrier 
appears ahead and far below, like a small 
wooden chip afloat in the ocean, and 
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although the carrier grows larger and larger 
as the jet enters the traffic pattern and 
landing approach, its flight deck never 
seems large enough for the jet to land safely. 
One finds oneself inhaling sharply as the jet 
screams in far too fast for comfort until 
suddenly the tail hook catches the cable 

and the jet slams to a stop. Unfailingly, along 
with the sound effects that accompany this 
film, there is a gasp from those watching. 
The Ready Room in the gallery does not 
attempt to duplicate in detail one found on 
an actual carrier. Each squadron on a carrier 
is assigned a Ready Room: it is the pilot's 
living room, his office, classroom, movie 
theater. The walls are covered with boards, 
charts, maps. briefing materials. In one 
corner a large teletype machine clatters 
away , providing a constant stream of 
meteorological data, vital navigation 
information, and flight procedures which 
are projected onto a screen for flight crews to 
make notes on during briefings. 

A visitor can browse among photographs, 
memorabilia, models, and other exhibits 
tracing the development of sea-air 
operations in the "Ship's Museum." Here one 
can find photographs of Henri Fabre's 
"hydroplane" which, in 1910, became the 
first airplane to take off from the water. 
Here, too, are photographs of Eugene Ely's 
take-off from the deck of the cruiser USS 
Birmingham on November 14, 1910, and his 
considerably more difficult achievement two 
months later of landing on a wooden 
platform built above the afterdeck of the 
USS Pennsylvania. two events of historic 
importance in the development of aircraft 
carriers. One sees the history of catapults 
and the development of Glenn Curtiss' flying 
boats. The outline of a Nimitz-class aircraft 
carrier is imposed upon an outline of the 
National Air and Space Museum, both drawn 
to the same scale so that the visitor has an 
idea of how huge modern carriers now are. 

So all-pervading is the sense of being on 
board an actual carrier in the Sea-Air 
Operations gallery that one feels somewhat 
disoriented and stunned upon emerging 


Visitors examine the cockpit area of the A-4C Skyhawk. 
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from the hangar deck and reentering the 
Museum to find oneself on land. 


March 16th. At sea. 

Babe Herman comes on the squawk-box: "Now, 
Sullivan, bos'n's mate thoid class, foist divtsion, 
dial zero—belay that woid!" A long pause, then 
another whistle, and "Sullivan, bos'n's mate 
foist class, thoid division, dial 760!" 

They say that smell is the strongest stimulus 
to memory, but if еуег wanted to recreate 
shipboard life, Га be hard pul to find a scent 
that would summon it. Except for coffee and 
burnt powder. I don't believe a warship has any 
characteristic smell. 

I could do it by sounds, (hough. There are a 
dozen to choose from, any one of which would 
make the Yorktown or the Lextngton take shape 
before my mind's eye: the irregular rattle of the 
shutter on a blinker; the tickIng of a 40mm 
director, and the clamor of the 40s themselves, 
like a regiment of recruits trying to keep step up 
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an iron stairway; the muffled roar of the 
blowers; the clank of a tool dropped on a metal 
deck; the riveting hammer of the water taps; the 
grinding SLAM! of the catapult; the soft iambic 
pop of the line gun; and the ripple of the 
barriers going down, exactly like the ripple of 
reef points as a mainsail comes about. 

As for the gong that calls us to General 
Quarters, if I heard that same tone ten years 
after the end of the war, l'd automatically grab 
for a helmet. 

—Aircraft Carrier, 
by Lt. Cmdr. J. Bryan III 


It is easy to spot among the visitors to the 
Sea-Air Operations gallery the men who have 
served on aircraft carriers: they are the ones 
with their backs to the airplanes and soft 
smiles on their faces as they read white paint 
stencilled signs on the abandon ship lockers 
overhead. 


World War II Aviation 


Doo no six-year span in the history of 
aviation saw more astounding advances 
than the period between 1939 and 1945 
during World War II. Biplanes such as the 
Gloster Gladiator and Fairey Swordfish were 
operational when the war began; by the war's 
end, aircraft propelled by jet and rocket 
engines swept the skies and guided missiles 
of various types had been employed. 

Since the Museum could not possibly 
show in one gallery more than a very small 
fraction of the myriad types of aircraft used 
during World War II, and since none of the 
100-foot-plus wingspan multi-engine 
bombers would fit, the Museum has 
concentrated on a selection of the best- 
known fighter aircraft of the major powers— 
with the exception of Russia. (NASM has no 
representative Soviet fighter in its 
collection.) Visitors to the World War II 
Aviation gallery will find the only Italian 
Macchi C.202 Folgore (Lightning) known 
to be on exhibit, an almost equally rare 
Japanese Mitsubishi A6M5 Zero, Germany's 
Messerschmitt Bf. 109G, Britain's 
Supermarine Spitfire Mark VII, and 
America's most outstanding fighter, the 
North American P-51D Mustang. 
Representing bombers is the nose section of 
a twin-engine bomber with one of the most 
impressive combat records ever achieved by 
an individual aircraft; it is from the B-26B 
Marauder Flak Bait, which flew 202 combat 
missions over Germany and German- 
occupied Holland and France. 

Dominating the gallery, however, is Keith 
Ferris' 25' x 75' muralofthe Boeing B-17G 
Thunder Bird, which is so incredibly 
realistic that the unwary NASM visitor might 
get the dismaying impression he has entered 
the World War II Aviation gallery at the 
precise moment as has a formation of heavy 


bombers that is under attack by German 
fighters and flak at 25,000 feet. 

In "Cowboys and Indians," his fascinating 
and impressively researched account of the 
mission depicted by the Ferris mural, Jeff 
Ethell tells how in March, 1975, NASM's 
Curator of Art, Jim Dean, telephoned Keith 
Ferris with the request that he paint a mural 
showing a formation of B-17 Flying Fortress 
bombers "representative of the war they 
fought in." Ferris accepted and asked artist 
John Clark to be his painting assistant and 
Ethell to be his researcher. Ferris, Clark, and 
Ethell agreed to attempt to document a 
precise moment in history accurate down to 
the last detail. They first drew up a list of 
requirements for the aircraft to be depicted: 
(1) a veteran camouflaged B-17G of the 
Eighth Air Force with much wear evident; 
(2) photos of the aircraft available for 
reference; (3) a known battle record; 

(4) name and nose art in reasonable taste; 
(5) a good combination of mission tally 
symbols and markings—air division, wing, 
group, squadron and tail markings; and 

(6) the specific mission to be depicted had to 
meet the following requirements: a) it had to 
take place between July and December, 
1944, the height of Eighth Air Force activity; 
b) during good weather, when there were 

с) contrails, а) flak, and e) enemy fighters. 

The field of eligible B-17s was initially 
narrowed down to nine aircraft and 
eventually to the 303rd Bomb Group's 
veteran B-17G Thunder Bird because of her 
long mission history, her colorful markings, 
the availability of photographs, and her 
condition. "Was she ever beat up!" Ethell 
recalled. “Patches all over her skin, paint 
that was bleached badly, entire replacement 
parts that were natural aluminum standing 
out against the olive drab. And she was 
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Opposite : Visitors stand before a portion 
of Keith Ferris' awesome 25 x 75- foot 
mural, Fortresses Under Fire. 


Foldout: Keith Ferris, Fortresses 
Under Fire, 25 x 75’. 


date 
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strictly 'GI' having been flown by so many 
crews.” Once the aircraft was selected, Ethell 
had the chore of going through the records of 
each of the 116 missions flown by Thunder 
Bird between July and December, 1944. Only 
one mission fit their requirements: Mission 
72, flown August 15, 1944, against the Luft- 
waffe fighter airfield at Wiesbaden, Germany. 

At 11:22 that morning more than thirty- 
five years ago, the B-17s dropped their 
bombs and turned back toward their base at 
Molesworth, England. Although the raid on 
Wiesbaden is Thunder Bird's seventy-second 
bombing mission, it is one of her crew's first 
exposures to combat. They are flying now at 
25,000 feet, visibility is between 10 and 15 
miles. By 11:45 German anti-aircraft fire is 
intense, but the flak is inaccurate, bursting 
behind the bombers and to their left. Three 
Luftwaffe fighter wings have already 
scrambled. JG 300, composed of heavily 
armed Focke-Wulf Fw 190A-8s and 
Messerschmitt Bf. 109Gs, is the primary unit 
responsible for attacking the bomber 
formations. JG 300 is led by Major Walter 
Dahl. His Sturmgruppe—literally, a Storm 
Group, a large wedge formation used to 
penetrate the tight bomber formations—has 
become famous throughout Germany for its 
pilots' tactic of ramming bombers if 
necessary to bring them down, then 
parachuting to safety. Dahl sees that the 
bombers are without fighter escort and 
notifies his division, which gives permission 
to attack. 

With Dahl at the point, the German 
fighters scream in. They sweep through the 
formation, the heavy cannon in Dahl's Fw 190 
rips the wing off a B-17, and as the Fortress 
tumbles, Dahl sees three chutes open. 

Thunder Bird is in the lead section of the 
303rd Bomb Groups thirty-nine B-17s when 
Dahl's fighters strike the lower section. 

Pulling back on his stick after his firing 
run, Unteroffizier Leopold Bigalke in his 
Bf.109G White 12 climbs for an attack on the 
lead section, then banks to sweep across 
Thunder Bird's right flank toward a B-17 
ahead. Lieutenant Klaus Bretschneider in 
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his Fw 190A-8 Red One swings in behind 
Bigalke's Bf.109 and to its left to close in on 
the B-17 Bonnie B just below Thunder Bird's 
inboard starboard engine. Both fighters are 
taking advantage of the bomber formation's 
contrails as they press in for their attacks. 
This is the precise moment frozen in Keith 
Ferris' mural. 

A touching footnote to the extraordinary 
accuracy of the murallies in an incident that 
occurred shortly after the Museum opened. A 
lady from Doylestown, Pennsylvania, visited 
the World War II gallery because her husband 
Bill had flown B-17s during the war until his 
plane was shot down and he was killed. As 
she stood before Ferris’ mural she was 
stunned by the Thunder Bird co-pilot’s 
resemblance to her late husband. Although 
the man's face was nearly covered by an 
oxygen mask, she was ready to swear that 
he was Bill. When she examined the 
crew photo in front of the mural she had the 
shock of seeing her late husband again. Only 
two of the crew that had flown Thunder Bird 
on the mission depicted survived the war; 
the others, Bill included, were killed just ten 
days after the Wiesbaden mission when a 
German 88mm flak round exploded within 
the fully loaded bomb bay of Myasis Dragon, 
the B-17 they were assigned to on that mission. 

The B-17 was one of the best-known and 
most widely used heavy bombers of World 
War lI. As General Carl “Tooey” Spaatz, the 
Air Force's first Chief of Staff, told wartime 
Chief of the United States Army Air Forces 
General “Hap” Arnold, "The B-17 was the 
single weapon most responsible for the 
defeat of Germany.” More than 12,700 B-17s 
were produced by Boeing. Armed with 
thirteen .50-caliber machine guns including 
those in its chin, nose, top, and belly (ball) 
turrets, the turbo-supercharged four-engine 
bomber could carry 6,000 pounds of bombs 
some 2,000 miles at 30,000 feet. By the end 
of 1943, B-17Gs such as those in the mural 
were being used by many units in the 
European Theater. 

Just as the Sea-Air Operations gallery 
across the way concentrates on the Pacific 


The “50 Mission Cap" with its pronounced crushed appearance became the World War II mark of a veteran 
Army Air Force flight crew member with many combat missions behind him. 


Theater of operations, the emphasis in the 
World War II gallery —despite the presence of 
the Zero suspended from the ceiling—is on 
the European Theater. No chronological 
history is attempted, but significant actions 
involving the various aircraft displayed are 
highlighted. Near the Spitfire, for example, 
are Battle of Britain artifacts and 
photographs. 

An exhibit related to the 332nd Fighter 
Group, the first all-black fighter group, is 
displayed near the P-51, an aircraft they flew. 
At the entrance to the gallery, just before one 
passes beneath the Zero's wing, there is a 
glass display case containing memorabilia 
honoring the exploits of the Flying Tigers, 
the group of American volunteers led by 
General Claire Lee Chennault. Their 
outstanding skill and courage in the early 
stages of the war gave American morale a 
much-needed boost by proving that the 
Japanese could be beaten in the air. There is 
also a display relating to the WASPS (Women 
Airforce Service Pilots), who did ferrying for 
the Air Transport Command and logged 
some 60 million miles in the air, and one 
relating to the famous "Tokyo Raid" led by 
Jimmy Doolittle in which sixteen B-25, twin- 
engine Mitchell bombers were carrier- 
launched on April 18, 1942, against the 
Japanese homeland in retaliation for the 
Pearl Harbor attack. 

The World War II gallery is a large, open 
room designed to provide the visitor with the 
best possible vantage points from which to 
view the aircraft. Since so many visitors to 
the Museum come with cameras, every effort 
has been made to provide a variety of angles 
from which good photographs can be taken. 
But perhaps the most extraordinary view in 
this gallery is that from the B-26 bomber 
Flak Bait's forward section. 

There may not be a more fitting name for 
an airplane than the one given this 
particular bomber; during its 21 months of 
combat Flak Bait collected over 1,000 enemy 
hits. 

The Martin B-26B Marauder started its 
career with the worst possible reputation. It 
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was a very hot airplane, and its comparatively 
short wings necessitated high speed, power- 
on landings, and dangerously high stalling 
speeds. Due to pilot inexperience, engine 
failures, runaway propellers, structural 
weakness in its tail, and so on, there were so 
many training accidents that Marauders 
were nicknamed "One-a-Day-in-Tampa Bay," 
"widow-makers," and, since the wings 
provided no visible means of support, "The 
Baltimore Whore." Because of the large 
number of accidents, on at least four 
occasions production nearly ceased 

while Congressional committees—including 
one headed by then-Missouri Senator Harry 
S. Truman— investigated its design. And yet 
it was a beautiful machine with symmetrical 
curves and extremely clean lines. General 
Jimmy Doolittle was such an outspoken 
supporter of the Marauder that he flew the 
aircraft on one engine at training bases 
around the country to prove to young pilots 
that any emergency could be safely handled 
in that plane. When the training command 
ensured that fledgling pilots would be given 
extensive experience in transitional twin- 
engine aircraft before flying the Marauder, 
the accident rate dropped dramatically. But 
its reputation took along time to improve, 
and no amount of training or time could 
prevent the apparent affinity Flak Bait had 
for attracting bits of enemy metal. 

Jim Farrell, Flak Bait's pilot, recalled, "It 
was hit plenty of times—all the time. I guess 
it was hit more than any other plane in the 
Group.” Other aircraft in the 322nd Bomb 
Group could return from a mission 
unscathed; Flak Bait would come back 
peppered. The first time B-26s were used in 
the European Theater was on May 14, 1943, 
against a power plant in IJmuiden, Holland. 
Twelve B-26s from the 322nd Bomb Group 
took part; one plane was lost, every plane was 
hit—one returned with more than 300 holes. 
Their target was little damaged. Another 
mission against IJmuiden was scheduled for 
three days later. On May 17th, eleven B-26s 
took off; one was forced to turn back before 
reaching the Dutch coast. Not one of the 


remaining ten returned. The raid was a 
disaster. Every operational B-26, sixty men. 
and the unit's commanding officer were lost. 

“Right after we lost the ten planes at 
IJmuiden,” Farrell recalled, “morale was 
devastated because we had no idea that we 
weren't going to have every raid just like 
that—all out, none back. So fellows would 
take every bit of money they had, go on leave 
and spend every nickle of it because they 
didn't think they would be around tomorrow. 
Others tried to get transferred to the [heavy 
bombers] and used every bit of influence they 
had."* 

The heavy losses were due to an almost 
criminal misunderstanding of how best to 
tactically use this superb medium bomber. 
Marauders could carry 3.000 pounds of 
bombs, half the load carried by a B-17, but 
because they lacked superchargers they 
could not operate at the high altitudes the 
heavy bombers regularly used above the 
worst of the flak. Eighth Air Force therefore 
chose the opposite extreme: B-26s were sent 
inhedge-hoppingat 200+ mph, and German 
defenses were simply too good. Light flak, 
machine gun, and even small-arms fire came 
at them from all sides. After the terrible 
losses at IJmuiden, tactics were changed. 
Crews were trained in flying tight, high 
formations where, even though there was 
more flak, there was less smaller arms fire. 
“All the airplanes came back pretty well shot- 
up,” Farrell said, “a few wounded, but no 
losses." 

After Farrell and his crew had flown their 
un-named B-26 for several missions they 
decided they'd have to christen it somehow. 
Farrell's brother's dog was nicknamed "Flea 
Bait" and from there to “Flak Bait" was but a 
short, imaginative hop. As soon as the name 
was painted on her nose, Flak Bait began to 
receive hits. On September 6, 1943, a Bf. 109 
took Flak Bait on with a head-on pass. A 
20mm shell smashed through the B-26's 
Plexiglas nose and exploded behind the left 


*Jay P. Spenser, “Flak Bait!) Airpower Magazine, 
vol. 8, no. 5. Sept., 1978. 


instrument panel. Miraculously, neither 
Farrell, nor his co-pilot, Thomas Owen 
Moore, nor his bombardier/navigator/nose 
gunner, O.J. “Red” Redmond, was severely 
wounded. On another mission, a week later, 
Flak Bait returned with a huge chunk taken 
out of her horizontal stabilizer. Soon after, 
Don Tyler's tail gun position was hit and the 
sheet of fuselage metal with his name on it 
was blown away. Tyler evened the score. 

"We were in the 'tail-end-Charlie' position 
in the low flight," Tyler remembered. "The 
attack came from about eleven o'clock high 
and in a shallow dive. The boss only had time 
to say Here they come.' A head-on attack 
only lasts seconds because the relative speed 
is so great. But from that angle of attack the 
Bf. 109 was right in my field of fire. My last 
glimpse of him was he went into a steeper 
dive and veered left. There were several 
enemy fighters in the air and you didn't have 
time to watch anything that was out of your 
field of fire." A Spitfire pilot observed the 
enemy crash; confirmation subsequently 
came through channels. 

By October, 1943, six months after the 
disastrous IJmuiden raids. the morale of the 
B-26 pilots was high. The Marauders were 
achieving a bombing accuracy unequaled by 
any other aircraft and, although the planes 
were still taking heavy punishment, the 
losses were astonishingly low. Farrell 
explains, 

Our strong points were our speed and our heavy 

armament.... We had the advantage over the 

heavies because we were moving much faster 

than they were in relation to the German 

fighters. We had many encounters with them 

early in the war and my feeling is we became too 

tough for them. For the most part the fighters 

left us alone and 1he Germans came at us with 

flak. Because of our altitude it was more effective 

with us than it would ever be with the heavies. 

They were at twenty-seven to thirty thousand 

feet and we were down at twelve and thirteen 

thousand feet, but they had to fly pretty much 

straight and level while we had the advantage of 
being able to maneuver as a group.... 

We figured it took the flak guns seventeen 
seconds to target us and another thirteen before 
the shells started bursting. For that reason. we 


299 


The forward fuselage of the famed B-26B 
Marauder Flak Bait proudly wears its 
symbols for 202 bombing missions, 5 decoy 
missions, and tai-gunner Don Tylers 
confirmed kill. This American medium 
bomber flew more combat missions than any 
other American bomber and while earning 
her name, endured 21 months of combat, 
and suffered more than one 

thousand enemy hits. 
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Flak Вай crew was Lt. Jim Farrell, pilot: 

Lt. Thomas F. Moore, co-pilot; Lt. Owen 

J. Redmond, bombardier/navigator/nose- 
gunner: Sgt. J. D. Thielan, top turret gunner/ 
armorer; Sgt. Donald Tyler. flight engineer/ 
tail-gunner; and Sgt. Joseph B. Manuel. 
radio operator/waist gunner, whose position 
is depicted on the following page. 
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Alfred Owles. Northrop Black Widow Night Fighter. с. 1943. Watercolor on paper, 20% x 15V5''. 
Gift of Captain Fred Slightam 


wouldn't go thirty seconds without doing 
something—climbing and turning to the right, 
descending and turning to the left, etc.... There 
was armor plating bolted to the fuselage on the 
pilot's side and he had an armor shell behind his 
seat. 1 wore a flak vest —it was like an apron— 
and had the instrument panel in front of me. It 
was thick enough to stop that 20mm [cannon 
shell] which is good enough for me. 


A B-26 co-pilot, however, was not so well 
protected. The instrument panel was open 
on his side and the rudder pedals folded back 
sothat the navigator/bombardier could crawl 


through to the nose. On March 26, 1944, 
more than 350 B-26 Marauders returned to 
IJmuiden, Holland, and had their revenge: 
they dropped over 700 tons of bombs on a 
Nazi torpedo boat and submarine pens, and 
only one B-26 was lost. 

The B-26B Marauder Flak Bait flew its 
202nd and final mission in May, 1945. 
Among its missions were 31 against Pas de 
Calais V-1 rocket-launching sites, 5 against 
shipyards and E-boat pens, 45 against 
railway marshaling yards and 
communications centers, 35 against 
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Flak Bait's cockpit frames an apparent 
confrontation between the Museum's 
Macchi C.202 Folgore and the B-17G 
Thunder Bird. 
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Ron Kleemann. Mustang Sally Forth. 1973. Acrylic on canvas. 50 х 72". From the Stuart M. Speiser Collection 
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The B-17G was armed with 
13 .50-caliber machine 
guns and included chin, 
nose, top. and belly- or ball- 
turrets like the B-32 turret 
shown above. 
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against the Germans by the small Italian Со- 
belligerent Air Force. 

The Macchi C.202 Folgore suspended from 
this gallery's ceiling is perhaps the sole 
remaining aircraft of this type anywhere in 


the world.Although its early history is obscure, 


it was known to have been one of the many 
captured enemy aircraft to have been 
brought to this country's Army Air Technical 
Service Command at Wright and Freeman 
Fields for evaluation, then placed in storage. 
In 1975 NASM technicians restored the 
Folgore to exhibit condition and painted it in 
the markings ofthe 40? Stormo, 10? Gruppo. 
90° Squadriglia, which operated in Libya 


during the summer of 1942. The F. Baracca 
painted on its nose was in honor of Major 
Francesco Baracca, Italy's leading World 
War I ace with 35 victories. A curious, but 
hardly noticeable, facet is that the Folgore's 
left wing is 8% inches longer than its right, 
making it one of the rare aircraft to have 
used this asymmetrical method of 
counteracting its engine's rotational torque 
to assist pilot control. 

Not many people know that the P-51 
Mustang, which many consider the best 
fighter plane of World War II, was originally 
built for the British, who had approached 
North American early in 1940 requesting a 


The Museum's P-51 D Mustang. considered by many 
to be the finest fighter plane of World War II. wears 
the yellow and black checkerboard colors of the 
351st Fighter Squadron, 353rd Fighter Group, Eighth 
Air Force. This unit. stationed at Raydon, Suffolk. 
England, was assigned to escort bombers such as 
Thunder Bird on missions deep into Germany. 
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The Mustangs cockpit. 


The two major British fighters of the Battle of 
Britain were the Hawker Hurricane (left) 
and the Supermarine Spitfire (below). 


SIE 


The Spitfire's cockpit. 
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A head-on view of the German Messersch mitt 
Bf.109G reveals its two MG 131 machine guns and 
single 30mm MK 108 cannon which fired through 
the spinner. Although slightly slower and less 
maneuverable than its first major opponent. the 
Spitfire. the Bf.109's performance was superior at 
high altitudes. The Museums specimen wears the 
markings and camouflage of ship number 2, 7th 
Squadron, 3rd Group, 27th Wing that operated in the 
Eastern Mediterranean during late 1943. 


Silver Hill expert craftsmen restored the Bf.1095 cockpit to near-operational condition. 


The shark-mouthed Curtiss P-40 E Warhawk, 

now at Silver Hill, achieved its greatest fame 

in China and Burma with Lt. Gen. Claire 

Chennault's Flying Tigers. 1 4 
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quantity of P-40s to alleviate the RAF fighter 
shortage. North American proposed instead 
to build an entirely new and superior plane. 
The British agreed, and were astonished at 
the speed with which the plane was built at 
the West Coast manufacturer's plant. By 
the summer of 1942 the first Mustangs were 
in combat and the British pilots' enthusiasm 
was soon obvious. The United States Army 
Air Forces, however, were still cool to the 
P-51, regarding it a "foreign" design. and 
were concentrating on perfecting their 
Lockheed P-38 Lightnings and Republic P-47 
Thunderbolts. But as the Mustang began to 
prove itself in combat, the USAAF took a 
closer look. When the P-51's Allison engines 
were replaced by Rolls-Royce Merlins with 
two-speed blowers, and the three-bladed 
propellers were exchanged for four-bladed 
props, there was no better fighter 
performing in the air. 

That Japanese Mitsubishi AGM5 Zero, 
which appears to be clawing for air after 
strafing the Sea-Air Operations gallery’s 
USS Smithsonian across the hall, was, to 
the dismay of. Allied pilots who were 
astounded by its exceptional 
maneuverability and speed, the primary 
Japanese Naval fighter throughout World 
War II. When aircraft carriers were no longer 
available to the Japanese, the Zero (properly 


А captured Zero undergoing evaluation tests. 
Note the American star within the rising-sun 
Juselage insignia. 


* y m 
The actual aircraft after which the National 
Air and Space Museum patterned the markings 
and camouflage for its Messerschmitt 
Bf.109G. 


code-named Zeke) was shifted to land bases. 
Only when the Grumman F6F Hellcat and 
the North American Mustang reached the 
Pacific in quantity was the Zero's relative 
superiority diminished. 

Divided by floor space in this gallery. as the 
English Channel separated them during 
World War II, are two of the Battle of Britain's 
legendary adversaries: Britain's 
Supermarine Spitfire Mark VII and 
Germany's Messerschmitt Bf. 109G-6. The 
Spitfire, though slightly faster and 
considerably more maneuverable than the 
thinner and smaller-winged Bf.109, could 
not match the German plane at higher 
altitudes, and until the Spit's engine was 
modified. British pilots often lost their 
opponent through his dives. But the British 
had the advantage of fighting over their 
home island, whereas the German fighter's 
critical range limited his time over Britain 
toless than twenty minutes. The 
Messerschmitt Bf. 1O9E was already in mass 
production when Germany went to war in 
1939, and over a thousand 109s were with 
operational fighter units. Only 400 Spitfires 
were in service. Both aircraft went through 
various modifications to improve 
performance. NASM's Spitfire has the 
extended wingtips of the high-altitude 
version and its Bf.109 is of the “G” (for 
"Gustav") series, which had two MG-131 and 
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Early reports of the Japanese Zero's speed, 
maneuverability. firepower, and range were so incredible 
that they were rejected as incorrect and unbelievable by 
American aeronautical experts. Pearl Harbor and the 
appearance of the Zero in seemingly countless numbers 
throughout the Pacific in the opening days of the war proved 
the validity of those reports. The Museum's Mitsubishi Zero 
Fighter, Model 52 (code named Zeke by the Allies). is 
presumed to have been one of 12 late-model Zeroes captured 
on Saipan Island in April, 1944, and sent to the United 
States for evaluation. 
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two MG-151 wing-mounted 20-mm machine 
guns and one 30mm Mk-108 cannon firing 
through its spinner. This armament was 
ideally suited for bomber interception, but 
the added weight and drag reduced the 109's 
efficiency against other fighters. 

The Norden Bombsight, one of America's 
most closely guarded secrets during World 
War II, is also on exhibit in this gallery. The 
Norden was a key to the USAAF's daylight 
high-precision bombing strategy, since only 
with an extremely accurate bombsight could 
small military targets be hit from high 
altitudes. The bombardier set altitude, 
airspeed, and other factors into his Norden 
Bombsight (which was basically an 
automatic speed and distance calculator) 
and then kept his telescopic viewer's 
crosshairs centered on his target. As the 
aircraft moved, ground speed and wind drift 
were fed into the computer. A bombadier 
then connected the bombsight to the 
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autopilot, which kept the aircraft on course 
and released the bombs at the proper time. 

Perhaps the one exhibit that will bring a 
smile to the gallery visitor is illustrated near 
the beginning of this chapter: it is the “50- 
Mission Cap" resting on a silk scarf on the 
pillow in a glass case. The 50-mission cap 
was the symbol of an Army Air Force flight 
crew member with many combat-mission 
hours behind him. The look of a veteran was 
achieved by removing the stiffening 
grommet from the standard service cap so 
that a radio headset could be worn. With 
each successive mission the cap would then 
achieve a more and more pronounced 
crushed appearance. 

That white parachute-silk scarf, typical of 
those wrapped about fighter pilots' necks, 
was not just worn as an affectation, or even 
for warmth. The silk kept the pilot's neck 
from chafing as he swiveled his head back 
and forth in search of enemy aircraft. 


GENERAL 
AVIATION 


SOCIAL IMPACT 
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p the Museum's General Aviation 
gallery a film shows a 450-hp Stearman 
whipping through a barrel-roll while the 
goggled and mustachioed pilot, "Fearless" 
Johnny Hawkeye, silk scarf snapping in the 
slipstream, says. “1 can fly this airplane only 
because I have a tremendous amount of skill 
and dexterity....Pilots like me have to be 
supermen! Here, watch the expertise with 
which I can loop-the-loop...." The Stearman 
sweeps up into a loop. arcs over, and 
screams back down. The shot then dissolves 
to the biplane being parked among other 
general aviation aircraft at a typical small 
airport. Hawkeye jumps out, saying, "But if 
you think you wanta fly like me....Forget it! 
We great pilots are a special breed." Upon 
hearing this, a man nearby, who has been 
quietly preflight-checking his plane, walks 
over and says, “Aw c'mon, Johnny, almost 
anybody can fly an airplane." 

"Hey," Hawkeye says, "aren't you Lloyd 
Haynes, the actor?" 

“Yes, lam,” Haynes admits. "But I also 
have 2,500 hours as a pilot and I really don't 
want to see you mislead these good people 
into thinking that piloting a plane is 
difficult." 

And that is the theme of the General 
Aviation gallery: almost everyone can learn 
to fly. The films, the planes on display. the 
GAT-1 simulators, and other exhibits are 
present to provide the NASM visitor with an 
idea of what being a private pilot means. 

Today there are more than 200,000 aircraft 
in use in general aviation and some 744,000 
pilots licensed to fly them. "General aviation" 
encompasses everything except military 


General Aviation 


aviation and scheduled commercial 

airlines. Sports flying accounts for only 

5 percent of general aviation; the 
overwhelming majority consists of business 
flights, commuter and air taxi service, 
instructional and rental use, flights for 
surveying, agricultural use, and even towing 
advertising banners. Almost 250,000 people 
are employed in general aviation—a 
business that now contributes more than 
five billion dollars annually to the Gross 
National Product. 

The only aircraft in the Museum that 
might rank in terms of impact upon the 
general public with the Hall of Air 
Transportation's DC-3 is Mr. Piper's little 
“Cub,” which has been called the Model T of 
aviation. The 1938 Piper J-3 on display in 
this gallery is a descendant of the Taylor 
Model E-2 Cub produced in 1931 by the 
Taylor Brothers Aircraft Corporation, led by 
C.G. Taylor and W.T. Piper. In 1938 Piper 
bought out his associate and began 
manufacturing the J-3 under his own name. 
The familiar little "Cub Yellow" airplane 
became an immediate success. Piper sold 
736 Cubs in 1938; more than 3,000 were 
sold in 1940. By 1947, when the last J-3 
model was produced. a total of 14,125 had 
been built. It is the airplane in which 
thousands of today's general aviation pilots 
made their first solo and dual instruction 
flights and for which countless other 
thousands as youngsters saved up their 
allowances and chore money for the 
unforgettable experience of climbing into its 
noisy, drafty, and cramped cockpit to take 
their first airplane ride. Because the Cub 
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One of the most popular airplanes in the 
htstory of aviation, the familiar little yellow 
Piper Cub ranks in terms of impact upon the 
publtc with the legendary DC-3. 


was reasonably priced, simple to maintain, 
and easy to fly, it became one of the most 
popular airplanes in the history of aviation. 
During World War П the Cub, known as the 
“Grasshopper,” saw extensive service as a 
trainer, artillery spotter, transport, 
ambulance, and reconnaissance aircraft. 
Some 5,673 were delivered to the military 
during the war. 

The other two aircraft on display in this 
gallery are a Cessna 180 and a Gates Learjet 
23. The Learjet was the first jet aircraft 
designed and produced specifically for 
business and corporate use. Introduced in 
1963 and patterned after the Swiss P-16 
fighter-bomber, the Learjet is an 
exceptionally handsome airplane with clean 
aerodynamic lines offering high speed (561 
mph at 24,000 feet), exceptional climbing 
performance (it can reach 35,000 feet in less 
than 10 minutes; it holds numerous world 
performance records for business jets), and 
demonstrably long range and endurance. In 
1976. golfer Arnold Palmer captained a 
Learjet 36 which flew around the world in an 
elapsed time of 57 hours and 26 minutes. 
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The sleek Gates Learjet 23. 


The Cessna 180 Spirit of 
Columbus in which, in 1964, 
"Jerrie" Mock became the first 
woman to pilot an aircraft 
solo around the world. 


Almost every Musen visitor has heard of 
Amelta Earhart, but how many of them are 
familtar with a diminutive Columbus, Ohio, 
housewite named Geraldine L. Mock? And 
yet, in this gallery's little Cessna 180 with 
Spirit of Columbus painted on its nose, 
Geraldine “Jerrie” Mock became the first 
woman to роі an aircraft solo around thre 
world, thereby symbolically completing 
Amelia Earhart's flight. At 9:31 AM on 
March 19,1964, Mrs. Mock took off trom the 
Columbus, Ohio, airport and arrived back 
home on April 17, having flown 23,103 miles 
in 29 days, 11 hours, and 59 minutes. On tlie 
way. Mrs. Mock set an around-the-wortd 
speed record for аігсгай weighing less than 
3,858 pounds. On May 4, 1964, then- 
President Lyndon B. Johnson awarded 
Mrs. Mock for her achievement the Federal 
Aviation Administration's Gold Medal tor 
Exceptional Service. 

The Cessna 180 that Mrs. Moek flew was 
built in 1953 and passed through several 
owners, who put 990 lying hours on it 
before Mrs. Mock bought the plane in 1964. 
She had additional custom-built fuel tanks 
titted inside the cabin and spaces for 
personal equipment and survival gear 
installed on board prior to her departure. 
Upon completing the Night, Mrs. Mock never 
flew ihe Spirit of Columbus again. Cessna 
exchanged aircraft with her and gave her a 
later model. 

The Cessna Model 180 was developed early 
in the 1950s as a rugged four-place light 
aircraft. Variations on its design have made 
it popular as a "bush" aircraft in many of the 
underdeveloped parts of the world. The 
Cessna Model 182 was a Model 180 modificd 
by being equipped with a tricycle landing 
gear; this variation has enjoyed a long 
popularity as a workhorse in the general 
aviation category. 

At the end of 1976 less than 5 percent of 
the 13,655 different landing facilities in the 
United States and its possessions were 
served by regularly scheduled airlines: and 
yet, air transportation is available to the 
entire nation due to general aviation. Air 
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taxies, rental planes, commuter operations, 
and a vast number of business flights serve 
thousands of small eities, towns, and villages 
otherwise lacking aecess to the airltne 
system. The businessman can fly to connect 
with service to any location he miglit need to 
visit, and returning home can be an equally 
swilt, economical, and confortable 
operation, 

A general aviation landing facility may be 
an airport (in 1976 there were 11,526 
airports in the United States and its 
possessions), a heliport (there were 1,625 of 
these), or a seaplane base (there were 504), 
It could be a 500-foot grass landing strip 
with a windsock and a telephone, ora 
5,000-foot paved runway capable of 
handling jets, complete with terminals, 
control towers, and safety devices. Just over 
9,000 landing faciltties are privately owned 
and 4,592 belong to the public. 

Although the theme of the General 
Aviation gallery is that almost everyone сап 
Пу, the gallery also makes it clear that there 
is an unspoken but fully understood “yes, 
but," because obtaining a pilot's certificate ts 
considerably more «си than getting a 
license to drive a car. Why? For example, if 
your cngine quits in your car, you can simply 
coast to the side of the road. If your engine 
quits in your airplane, you must know how 
to find a safe place to land. If it rains, your car 
gets wet: in your plane you cannot sce well. 
And iu a thunderstorm a pilot can get killed. 
For these reasons and countless others, rigid 
training, inspections, and testing are 
necessary. 

You have to be able to pass a physical 
examination. You have to be able to devote 
the time to study in a ground school where 
you must master a variety of subjects related 
to the safe operation of an airplane. These 
courses, covering the principles of flight, 
flight instruments, navigation, meteorology, 
Federal Aviation Administration regulations, 
and others, take nine weeks, at the end of 
which one has to pass the rigid FAA exam— 
which can take as long as four hours. You 
have to have at least twenty hours of dual 


The Museum's GAT-1 flight simulators can be “flown” by the public. 


instruction and twenty hours of supervised 
solo flying time, and before you can take your 
flight check you must pass another oral 
exam. During your flight check you must 
demonstrate absolute mastery of the aircraft 
under all conditions. Flying is not like 
driving a car. And if you're the sort of person 
who gets upset over obeying a 55-mph speed 
limit on the turnpike, then you're not going 
to be happy flying in an FAA environment. 


You have to have the sense of responsibility to 
accept the regulations of the FAA system and 
to operate within their constraints. You have 
to know your airplane, your instruments, the 
mechanics and principles of flight. Flying 
may be fun, but it's also very serious business. 
Because the high operating costs of 
modern commercial and military aircraft 
make routine training flights prohibitively 
expensive in many cases, flight simulators 
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Ralph Goings. Fly with Patco. 1973. Ой оп canvas, 36 х 52”. From the Stuart М. Speiser Collection 


are used to train pilots and crew. On the 
gallery floor are a series of GAT-1s, general 
aviation trainers or flight simulators. 
Through advanced computers, replication of 
an aircraft cockpit and visual and motion- 
producing systems, the GAT-1 can simulate 
a typical aircraft's full range of flight 
characteristics and performance—including 
such unwanted conditions as rough air, 
high winds, and aircraft systems 
malfunctions requiring emergency 
procedures—with such realism that the 
Museum visitor “flying” one experiences 
sensations almost identical to flying an 
actual plane. Although the GAT-1's panel 
might seem more complicated than the one 
found in one's car, it is simplicity itself 
compared to the instrument panel in the 
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flight deck of a Boeing 747 jumbo jet. Flight | 
simulators for every sort of aircraft provide 
inexpensive, realistic, and safe means of 

training crews in emergency maneuvers 

without an actual aircraft's risk. And when 
navigation by instruments is essential, as in 

long distance or extended or bad weather 

flying, simulators are again a realistic and 
economical training device. 

The general aviation business today is 
booming. One attraction is that a small 
private plane can get about 16 miles to the 
gallon and cover between 120 and 160 miles 
per hour without being relegated to the road. 
Yes, everyone can fly, and if you have ever 
tried to get in or out of Chicago's O'Hare 
Airport during a holiday weekend, you will 
have the impression that everyone is. 


Social Impact of Flight 


Preceding page: Children are invited to look behind the 
scenes at the aerospace industry. 


1 


The whimsical-looking "Technology Transfer" machine. 


ing 
rre tc im KI Devil 101 in North 
3 1 ould envision or 
e Vast Ои пху nf direct and 
пайт д benefits that would aceruc to 
nankind as a consequence of Its 12-second 
fight Although the benefits Irom early Might 
were sometimes lost In the quest liselí—a 
(guest. which as the visitor discovers 
immediately upon entering the gallery. was 
determinedly individual. courageous. 
ingenious and often unintentionally 
humorous—out of these early ploncers’ 
efforts sprang the technology that resulied in 
increasingly reliable, sophisticated. and 
complex aircraft capable of performing 
important functions. The Social Impact of 
Flight gallery reminds us of how. as a result 
of advances in flight. the way we relate 


to our world and onc another has been 
fundamentaily altered. 

Many o! Western society's radical changes 
during the past seventy-five years can be 
traced to Mght's ability to provide benefits 
basic to the development of our technological 
tivilizatton. Symbols and artifacts of this 
bounty—the compression of travel time 
through flight, the proliferation of goods 
produced in one part of the world to be 
marketed In another. the speedy transfer of 
information through airmail and satellite 
telephone relays. the vast increase In our 
own mobility with the resulting "shrinkage" 
of the globe. and countless others—are 
displayed “floating” in space along mirrored 
gallery cul-de-saes, 

The visitor passing along the hall 
comprehends how entire Industries have 
come to exist dependent upon cheap. rapid 


transportation; how giant international 
corporations with plants many thousands of 
miles apart rely upon commercial alr 
transportation and the sort of high-speed 
eommunications possible only through 
satellite telephone links. One even has the 
chance to reflect on the truly “national” 
character of professional baseball, football. 
and other sporting teams, which is only 
possible beeause of frequent, rapid, and 
regular jet transportation of the players 
between cities More ephemeral, perhaps, Is 


the Impact flight has made on global politles: 


jet transportation has made possible 
“shuttle diplomacy” and the face-to-face 
diplomacy required to subdue distant crises 
or to reach quick diplomatic agreements. 
And who can adequately evaluate the Impact 
Spuinik's launch had on this nation’s 
science programs? 

This gallery also makes clear that not all of 
the social Impact has been positive Nuctear 
weapons and operational Intercontinental 
ballistic missiles have changed forever our 


perceptions of the safety of our families and 
ourselves, Fight has brought questionable 
benefits to nations and peoples as well; once 
separate and distinct cultures have become 
homogenized. Western dress is worn In the 
Far East; tennis shoes appear on tribal 
chieftains’ feet. And did not that dramatic 
portrait of our planet taken from lunar orbit 
help change our attitudes about the 
Indestructibility of our Earth? Suddenly we 
saw ourselves as guests on this blue planet 
afloat in a hostile untverse and realized that 
we have a responsibility to this world we 
share. At the same time. the rescue of the 
damaged Apollo 13 and the ability of our 
astronauts to work on the Moon enhanced 
our pride and conviction in man's ability to 
cope with alien environments through sheer 
technological expertise. The simple fact Is 
that so many of the benefits from flight have 
been so thoroughly absorbed Into our 
everyday lives that we cannot and do not 
realize the enormity of It all. The Social 
Impact of Flight gallery forces us to stop, to 


look, and to appreciate how rich this bounty 
has been and will continue to be. 

Perhaps the farthest-reaching impact fram 
flight Is the aerospace industry It has 
created, an industry which employs tens of 
thousands of people in an incredible variety 
of jobs In the "Industry" sectlon of this 
gallery Ihe emphasis is upon the people who 
make these businesses hum. The vistor Is 
confronted by the facades of buildings 
representing a cross-section of the aerospace 
Industry, and he ts invited to open the doors, 
windows, and hatehes of the factories, 
assembly lines. research faellities. alrports. 
computer rooms, aeronaultical academies. 
and such, behind these facades. There he 
finds people engaged in their various flelds of 
work. 

The phrase "aerospace industry” suggests 
such an automated and coldly metallic 
technology that the Museum recognizes the 
need to remind the visitor that these 
functions are performed by people with 
many of the same aspirations and needs as. 


the rest of us. Hundreds of basic and applied 
research functions are contained in this 
industry, which has such close ties to 
government. and no matter how esoteric the 
employees’ prolessional roles might be, their 
hopcs and fears are shaped in large part by 
having to cope with Federal regulations and 
thelr concern over obtaining and retalntng 
Federal funding. More than research is 
involved, however, for all the stages ol 
sponsorship, development. produetion, 
regulation, advocacy, and consumption are 
contained as well In this enterprise called 
"aerospace." And the visitor. as he moves 
through the gallery. opening door after door, 
discovers for himself the enormous variety of 
occupations, many of them unique, that the 
aerospace Industry embraces. 

As the visitor emerges from the "Industry" 
section he comes upon a rather strange and 
whimsical-looking machine filled with 
ramps. bouncing Ping-Pong balls, elflike 
ercatures, paddles, and small cups set in а 
round well and enclosed by glass, so that the 


visitor Is able to sce the device from all sides 
lt is the "Technology Transfer” machine 

The technology produced by the acrospace 
industry has resulted in beneflts not directly 
related to flight. These "Indirect benefits" 
have not followed any predictable patterns; 
in fact, a certain amount of luck and 
accident are involved in the transfer of 
aerospace technology to other fields 
Aerospace technology is represented by the 
Ping-Pong balls, which flow steadily from the 
Technology Transfer machine's top and drop 
toward the various catch basins labeled 
"medicine," “transportation.” 
"communication: public service, 
on. at the machine's base. Visitors quickly 
notice that only a very small percentage of 
the balls find their way Into the eatch basins, 
thereby symbolically completing a successful 
transfer. The path of each ball from top to 
bottom is hindered by a variety of obstacles 
and complications. demonstrating why so 
few successful transfers are actually 
achieved. Most of the balls simply disappear 


down the bottom of the well isitor then 


descends by ramp to displays showing some 
of the more oulstanı 
aerospace transfers that have occurred the 
Hughes probeye, an infrared viewer used by 
firefighters; the BART rail system; Delphi. an 
iterative technique for establishing a 
consensus of opinion In predicting future 
events, various medical systems that were 
developed from work with the astronauts, a 
computer simuladon program for non- 
destructive structural analysis used by 
the automotive industry. and many others 
When the visitor leaves this gallery, he 
musi exit through the same "Quest" section 
by which he entered This deliberate routing 
serves a dual purpose to remind the visitor 
that the promise of benefits [rom early Might 
has still not been totally realized. and that, 
furthermore, the social Impact that Might In 
the future will have upon him can be no 
morc predicted and imagined today than was 
the Incredible bounty resulting from the 
Wrights’ flight over seventy-five years ago. 


пр and successful 


Not all of the social impact of flight has been 
to humanity's benefit. On August 6, 1945, the 
B-29 Enola Gay dropped an atomic bomb, 
"Little Boy," similar to the one shown here, 
devastating a 4.7-mile area of Hiroshima, 
Japan. More than 66,000 Japanese, 
primarily civilians, were killed. The "Little 
Boy" is an exhibit in response to the 
Museum's Congressional mandate "to 
display aeronautical equipment of historical 
interest." 


Hang gliding ts both one of the newest and oldest 
means of flight. The pilot achieves control by shifting 
Jorward and back and from side to side—the same 
method used by Otto Lilienthal in his gliders over 80 
years ago. 


Ti Flying for Fun gallery with its sailplanes, 


parachutists, and hang gliders suspended 
overhead provides a fitting concluding 
chapter to the "Air" section of The National 
Air and Space Museum book in that it is in 
this gallery that flight is brought back to 
where it all began: one man alone and at the 
mercy of the winds and air that support him. 
The man suspended in his graceful hang- 
glider's harness is a direct descendant of 
Otto Lilienthal. But whereas Lilienthal's 
1896 glider with its willow-and-bamboo 
frame covered in cotton cloth led toward the 
first step in successful powered flight, the 
modern hang glider made from aluminum, 
wiring. and Dacron is, ironically, an 
outgrowth of the space program— 
unsuccessful at that, since it was initially 


proposed as a parachute design for 
spacecraft. Both Lilienthal's method of 
control and the modern hang glider's is 

the same: one maneuvers by shifting one's 
weight forward or back and from side to side. 
Today. the hang-glider pilot borne aloft by 
thermal currents comes as close as humans 
can to fulfilling mankind's earliest dream of 
effortlessly mimicking the soaring flight of 
birds. 

Jean Pierre Blanchard — who made а 
quarrelsome journey across the English 
Channel with Dr. John Jeffries of Boston in 
a Charliére hydrogen balloon in 1785, thereby 
winning the honor of making the first 
crossing of that body of water by air— 
claimed to have invented the parachute 
in 1785. That may be so, but the first 
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In sport parachuting the maneuverable airfoil shape has replaced the 
Jamiliar umbrella design, thereby making pinpoint parachute landing 
accuracy possible. 
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Although the sleek flowing lines of a sailplane reflect its alliance with the 
wind it is up to the pilot to find the right combination of terrain and rising 


air to keep his craft aloft. 


A scheduled hot-air balloon airline in Africa, the 1978 crossing of the 
Atlantic by the Double Eagle II balloon, the revival of the Gordon Bennett 
Balloon Race, and the increasing number of hot-air balloon meets are all 
indicative of the surging popularity enjoyed by ballooning today. 


Oh! I have slipped the surly bonds of Earth 


And danced the skies on laughter-silvered wings: 


Sunward I've climbed, and joined the tumbling 
mirth 
Of sun-split clouds—and done a hundred things 
You have not dreamed of—wheeled and soared 
and swung 
High in the sunlit silence. Hov'ring there, 
I've chased the shouting wind along, and flung 
My eager craft through footless halls of air. 
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Up, up the long, delirious, burning blue 
I've topped the windswept heights with easy 
grace 
Where never lark, or even eagle flew 
And, while with silent, lifting mind Гуе trod 
The high untrespassed sanctity of space, 
Put out my hand, and touched the face of God. * 


*(OLH.T. Corporation. Reprinted by permission. 
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Rocketry and Space Flight 


T. Rocketry and Space Flight gallery 
celebrates the realization of one of 
mankind's oldest dreams: to abandon his 
planet's confining sanctuary for voyages 
into space. It is ironic, however, that for 
much of the more than 2,000 years that 
man's dream was evolving, speculation on 
such travel could hold almost as many 
physical perils as the voyage itself. 

When Galileo Galilei (1564 —1642), the 
great Italian astronomer, mathematician, 
and physicist, focused his crude, newly 
invented telescope upon the heavens he 
discovered, among other things, how 
dangerous it could be to discuss what he 
had found. Mountains marching across a 
lunar landscape were fine. That the Milky 
Way was composed of thousands of millions 
of stars, that Saturn had rings, that the sun 
had spots, and that Venus went through 
phases like our Moon, all these discoveries 
by Galileo were safe, too. But when, on 
January 7, 1610, Galileo perceived four 
dimly lit bodies orbiting Jupiter, he had 
discovered a dangerous truth: that the 
speculations set forth a half-century earlier 
by the Polish astronomer Nicolaus 
Copernicus (1473-1543) in his De 
Revolutionibus Orbium Coelestium were 
correct. Copernicus' theory that the Sun was 
the center of a great system with the Earth 
and other planets revolving around it was so 
opposed to accepted beliefs and considered 
so "dangerous to the faith" that Copernicus 
dared not publish his treatise until near 
death. And even though Copernicus 
placatingly dedicated his work to the pope, 
Paul Ш, it was swiftly suppressed. Galileo's 


discovery sixty-seven years later of Jupiter's 
four moons, however, not only showed the 
validity of the Copernican Theory by proving 
that all heavenly bodies did not revolve 
around the Earth, even worse it indicated 
that if Jupiter had four moons to the 
Earth's mere one, then our planet might not 
even be of major importance in the celestial 
Scheme. 

The year before Galileo had turned his 
telescope on Jupiter, Johannes Kepler 
(1571-1630), the German astronomer and 
mathematician, had published the Danish 
astronomer Tycho Brahe's (1546-1601) 
precise and exacting calculations of the 
orbit of Mars, thus providing additional 
proof of the Copernican Theory. Kepler's 
work contained two of the three laws 
that now bear his name, which he had 
formulated on the rules governing planets' 
orbits. The first of Kepler's laws—that the 
orbit of each planet is an ellipse with the 
center of the Sun being one of its foci— 
would have surprised even Copernicus, 
who had supposed, as had the other 
asironomers, that a planet's orbit about the 
Sun would be a perfect circle. However, the 
theological grip on celestial science was 
still so strong that in 1633 Galileo was 
summoned to Rome, tried before the 
Inquisition, and imprisoned until forced 
to renounce upon oath any beliefs and 
writings that did not hold the Earth to 
be central to the universe with the Sun, 
planets, and stars in orbit about us. 

A generation later Sir Isaac Newton 
(1642-1727), the English physicist and 
mathematician, came along "banishing." 
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as Arthur C. Clarke has written," “the last 
traces of metaphysics from the heavens, 
and turning the solar system into one 

vast machine whose every movement is 
explained by a single all-embracing law— 
the Law of Universal Gravitation.” Newton's 
proof that no distinction exists between the 
rules governing the movement of the earth 
and those obeyed by every other celestial 
body destroyed forever the last vestiges of 
what Clarke calls “that closed and tidy 
medieval cosmos which contained only 
Heaven, earth and Hell like a three-story 
building.” Astronomy ceased being a 
theological and philosophical science; it 
became instead an extension of the realm of 
mathematicians and geographers. Still, it 
would be almost three hundred more years 
before scientists and engineers would give 
serious thought to the realities of space 
flight. And when they did, they returned 
once more to Sir Isaac Newton, who, in 
1687, had discovered and formulated the 
principle which accounts for how all rockets 
operate: 


To every action there is always opposed an 
equal reaction; or, the mutual actions of two 
bodies upon each other are always equal, and 
directed to contrary parts. 


Visitors to the Rocketry and Space Flight 
gallery find rocket operation explained with 
illustrations from everyday life: when a frog 
jumps to shore from a chip of wood, the 
chip is propelled in the opposite direction. 
The force of the air escaping through the 
neck of an inflated balloon causes the 
balloon to dart about the room. A rocket is 
simply a device that creates a steady supply 
of gas to eject through a nozzle like the air 
from a balloon. 

A rocket—a reaction-propelled device that 
carries both its own supply of fuel and the 
oxygen necessary to support combustion in 
airless space—is the only vehicle capable of 


*Arthur C. Clarke and the Editors of "Life," Man and 
Space, Life Science Library. Time, Inc. 
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carrying man beyond the earth's atmos- 
phere. And yet for many centuries the 
desire to travel in space and the technical 
development of the rocket engine proceeded 
along entirely separate paths, which did not 
converge until the twentieth century, when 
fantasy merged with technological fact. The 
divergence of these paths is illustrated as 
soon as the visitor enters the gallery where 
exhibits introduce both the history of the 
black-powder rocket and the dream of the 
first known science-fiction writer, the 
second-century A.D. Greek Lucian, whose 
book, True History, is the story of a fifty- 
man ship's company whose bark meets with 
a fierce Atlantic storm's whirlwind which 
picks them up and a week later deposits 
them on the Moon. There they encounter 
the cavalry of the Moon King, who ride into 
battle on three-headed buzzards; 
Windrunners, who are propelled into battle 
by the wind trapped within their great 
billowing shirts; salad birds, with lettuce 
leaf feathers, and so on. (Lucian was 
probably more a satirist poking fun at 
Homer's Iliad and Odyssey than a serious 
science-fiction writer.) 

Exhibits trace China's discovery of gun- 
powder—an explosive mixture of potas- 
sium nitrate, sulfur, and charcoal, the 
earliest known recipe for which appeared in 
a Chinese volume written in A.D. 1040 — 
and its use in the thirteenth century in the 
first black-powder rockets. The evolution of 
the rocket from an incendiary arrow to a 
true war rocket is covered here. The second 
period exhibit deals with the fourteenth- 
century contributions to rocket technology 
from the Middle East. Included here is a 
model of the rocket-propelled "self-moving 
and combusting egg" first described by the 
Syrian scholar Hassan-er-Rammah in A.D. 
1280. This weapon, powered by two black- 
powder rockets, contained an explosive or 
incendiary mixture in its flat pan and twin 
tails to direct it in a straight line through 
the water. lt is uncertain whether such a 
device was ever built. 

Another somewhat whimsical-looking 
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war machine appears in the third period 
exhibit: seventeenth-century Europe. It is 
Giovanni di Fontana's rocket-propelled 

ram for use against fortresses and other 
defensive works. A modified version was 
proposed for use against ships; neither was 
actually constructed. Fontana's Bellicorum 
Instrumentorum Liber, published in 1420, 
preceded by some fifty years Leonardo da 
Vinci's (1452-1519) famous war-machine 
sketches; and, in addition to a ram, 
Fontana proposed a rocket-propelled pigeon, 
hare, and fish. АП three devices were 
incendiary weapons. Although the early use 
of rockets in the seventeenth century is 
covered in this exhibit, the technological 
advances made in rocketry were 
considerably less significant than the 
advances achieved in the sciences and, 
here, the gallery visitor is presented with 
the theories proposed by Copernicus, 
Brahe, Kepler, and Galileo. 

Ironically, the rocket as a war weapon 
had, by the eighteenth century. been 
rendered obsolete by the development of 
more accurate and effective artillery. While 
improvements in rocket propellants and 
design continued, the emphasis was on 
firework displays and pyrotechnics, which 
had become increasingly popular forms of 
mass amusement. 

The final exhibit in the Rocketry and 
Space Flight "corridor of history" 
concentrates on the re-emergence of the 
black-powder war rocket during the 
nineteenth century and its use in whaling 
and lifesaving. The nineteenth century is 
considered the “Golden Age" of black- 
powder rockets—although anyone familiar 
with The Star Spangled Banner's "And the 
rockets' red glare, the bombs bursting in 
air, gave proof through the night that our 
flag* was still there..." knows that all that 


*This very flag observed by Francis Scott Key, which 


flew over Baltimore Harbor's Fort McHenry 
throughout the British bombardment, is on 
exhibit in the Smithsonian Institution's National 
Museum of History and Technology. 


glittered during that age was not gold. Sir 
William Congreve (1772-1828), having been 
impressed by the rockets used against 
the English in India, began a series of 
experiments in 1804 that led to the 
development of a metal-case stick-guided 
rocket capable of being fired in large 
barrages against enemy troop 
concentrations and fortifications. Congreve 
rockets played an important role during the 
War of 1812 and were used in many 
engagements against the Americans. 

Toward the end of the nineteenth century 
science fiction and science fact began to 
merge. The French author Jules Verne. one 
of the most famous science-fiction writers of 
all time (20,000 Leagues Under the Sea; 
Around the World in 80 Days; Journey to 
the Center of the Earth), wrote From the 
Earth to the Moon in 1865. Verne's tale, 
reflecting a careful blend of diligent 
scientific research. technical accuracy, 
prophetic vision, and sheer story-telling 
power, envisioned three men, a dog, and a 
couple of chickens, fired into lunar orbit 
from the Florida coast in a conical projectile 
by a 900-foot cannon. Their spacecraft 
was built for comfortable travel and 
decorated with the lavish appointments 
of the period. 

Of course Verne's launching device 
with its 400,000 pounds of guncotton as a 
propellant charge would have eliminated his 
astronauts, but the author did correctly 
foresee the necessity of a 25,000-mph 
escape velocity to leave earth's gravity, that 
weightlessness would occur, that collisions 
with meteoroids were a possibility, and that 
their plush, upholstered "command 
module" could be steered by rockets in 
space. Two years later, in 1867, Verne 
retrieved his astronauts from permanent 
lunar orbit in the sequel, Around the Moon, 
and after bringing them through white- 
hot re-entry into earth's atmosphere, 
had their spacecraft splash down in the 
ocean. 

By 1891, Hermann Ganswindt 
(1856-1934) was in Berlin drawing up 
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Top: a “self-moving and combusting 
egg” powered by tivo black-powder 
rockets first described in A.D. 1280. 
Bottom: a model of Giovanni di 
Fontana's incendiary rocket- 
propelled ram for use against 
fortresses (first illustrated in 1420). 
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Among the early black-powder 
rockets on exhibit is the Congreve 
Rocket (fifth from the right) whose 
“red glare” was witnessed by Francis 
Scott Key. 


Four hundred thousand pounds of 
guncotton within a 900 -foot cannon 
fired Jules Verne's fictional 1865 
spacecraft with its cargo of astronauts, 
chickens, dogs, and a small cask 

of cognac from the Earth to the Moon. 
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Right: А model of К.Е. 
Tsiolkovsky's 1903 
proposed spaceship had 
the cosmonauts survive 
the G-forces of launch 
and reentry by 
immersing themselves in 
bathtubs. 


2) 
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the first designs for a spaceship and 
demonstrating that solid-propellant rockets 
were the only means of getting man into 
space. In 1898, H.G. Wells published his 
classic War of the Worlds. which described 
a Martian invasion of Earth. This story 
formed the basis of Orson Welles’ legendary 
October 31, 1938, Mercury Theater of the 
Air broadcast, which so terrified radio 
listeners that hundreds fled their homes 
believing the Martians had actually landed. 

As the NASM visitor leaves the “corridor of 
history” the two divergent threads—the 
science and technology of rocket flight, and 
the desire to travel in space—at last 
converge and the twentieth century 
commences with Tsiolkovsky, Oberth, and 
Goddard, the three great pioneers of 
astronautics who laid the foundations for 
space flight. 

Konstantin Eduardovitch Tsiolkovsky 
(1857-1935) was a self-educated Russian 
schoolteacher who, in 1903, published his 
now-classic article, “Exploration of Space 
with Reactive Devices,” a theoretical study 
of rocket fuels and rocket-motor efficiency. 
Although he did not experiment with rocket 
engines, Tsiolkovsky showed why rockets 
would be necessary for space travel and 
proposed liquid hydrogen and liquid 
oxygen as the most efficient propellants. 

He conducted the first studies that 
demonstrated that space travel was, at 
least, theoretically possible and advanced 
the concept of multistage rockets. By 1903 
Tsiolkovsky had also given careful thought 
to manned-spacecraft design and his 
description of such a ship demonstrates 
how completely fact and fantasy had by this 
time merged: 


Let's imagine the following configuration: a 
metal elongated chamber (having forms of least 
resistance). provided with its own light, 
oxygen. with absorbers of carbon dioxide, 
noxious effluvia and other animal excretions, 
intended not only for the maintenance of 
various physical devices, but also to provide life 
support to the men controlling the chamber.... 
The chamber contains a large supply of 


Dr. Goddard's 1928 "hoopskirt" 
rocket (left) with propellant tanks 
on legs of frame; and (right) the 
rocket of May 4, 1926, which 
Goddard had modified to the now- 
classic design configuration of 
motor at rear surmounted by liquid 
oxygen and gasoline propellant 
tanks. 
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materials which, when combined, immediately 
form an explosive mass. 


Tsiolkovsky proposed dividing his 
spaceship into three bays. The top bay in 
the rocket's nose housed the crew. Here 
would be the control panels, automatic 
instruments, decompression chambers, and 
comfortable couches. The second bay 
contained the oxygen supply and the 
"bathtubs" filled with water in which the 
crew members would immerse themselves 
to ease the powerful G-forces experienced 
during the rocket's launch and re-entry. The 
third bay housed the pumps necessary to 
move the propellants from the fuel tanks to 
the engine. The fuel tanks were below this 
third bay and would contain, Tsiolkovsky 
suggested, aliquid hydrocarbon and liquid 
oxygen. 

To remain in orbit a spacecraft must 
achieve a speed of 18.000 mph, to escape 
gravity 25,000 mph. Even using hydrogen 
as a fuel, a rocket's exhaust could not 
exceed about 8,000 mph. By 1898 
Tsiolkovsky had already asked the 
fundamental question upon whose answer 
all space flight depended: could one build a 
rocket that could fly faster than its own 
exhaust gases? Tsiolkovsky published his 
results in 1903, the year the Wright Flyer 
stumbled into the air under its own power. 
Tsiolkovsky's equation showed that up to 
the speed of light (670 million mph) there is 
no limit to the speed rockets can reach. The 
one major limiting factor was that at least 
75 percent of a rocket's weight had to be its 
fuel. Nearly 400 years before Tsiolkovsky 
advocated the use of multistage rockets, an 
artillery officer, Conrad Haas, had 
proposed the same idea with black-powder 
rockets; Tsiolkovsky, however, suggested 
that the staging should be set up on a 
principle similar to an aircraft jettisoning 
its empty wing tanks. K.E. Tsiolkovsky died 
in 1935 an honored hero of the Soviet Union 
and was given a state funeral. One is 
impressed even today by Tsiolkovsky's 
vision of space exploration as an inevitable 
process that would transform and spread 


human life throughout the solar system. 

"Earth is the cradle of the mind,” 
Tsiolkovsky wrote, "but one cannot live in 
the cradle forever." 

Hermann Oberth, another of the great 
astronautic pioneers, was, like Tsiolkovsky. 
a schoolteacher. Born in Transylvania (now 
central Rumania) in 1894, Oberth was 
fascinated by his childhood reading of Jules 
Verne's Moon books. In 1923, largely at his 
expense, Oberth published his own slim 
volume in Munich. This book, The Rocket 
into Interplanetary Space. was a serious 
attempt to demonstrate the theoretical 
possibility of space flight as well as to 
formulate its basic mathematics. 1n 
addition to proposing designs for man- 
carrying spacecraft and high-altitude 
research rockets, Oberth advanced the 
concept of orbital rendezvous for refueling 
and resupply by reviving the idea of orbiting 
a space station or large satellite—an idea 
first suggested in an 1870 Atlantic Monthly 
magazine fiction serial, "The Brick Moon," 
written by the Boston clergyman Edward 
Everett Hale. * Oberth was, like Tsiolkovsky. 
a theoretician, but his book excited the 
imagination of many young men who 
banded together to form rocket societies in 
America, Germany, and the Soviet Union 
and inspired that generation of engineers 
who actually built the rockets that would 
carry man into space. Oberth worked in the 
German rocket program during World 
War II, but came to this country afterward, 
and in 1955 joined the staff of America's 
Redstone Arsenal. 

The only one of the three great pioneers to 
actually build and fly rockets was Robert H. 
Goddard, who was born in Worcester, 
Massachusetts, in 1882. Goddard was a 
quiet man who loved music, painting, and 
nature; a schoolteacher like Oberth and 


*A prolific writer of magazine articles, Hale is 
perhaps best known for his short novel The Man 
Without a Country. From 1903 until his death in 
1909 he was chaplain for the U.S. Senate. Hale's 
satellite was launched by a spinning flywheel. 
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The V-2 rocket engine 
made in the United States 
after World War II 

was much larger than any 
previously built here. 
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Robert Н. Goddard, atthe blackboard at Clark 
University. in 1924, outlines for his students the 
problems of reaching the Moon by rocket. 


Tsiolkovsky, he not only independently 
worked out the physical principles and 
calculations on rocketry and space flight, but 
went on to construct the world's first working 
liquid-fuel rockets. 

Every visitor to the National Air and Space 
Museum probably knows who Orville and 
Wilbur Wright were and has some idea of the 
effects their invention has had on everyday 
life, but few of them realize that as a result of 
Robert Goddard's genius an immeasurably 
greater impact will be made on the lives of 
their children and generations yet unborn. 
The Wrights' invention has enabled us to 
race across our planet; Goddard's has made 
it possible for us to speed into space. As 
rocket expert Jerome Hunsaker said. "Every 
liquid-fuel rocket that flies is a Goddard 
rocket." 

Just as Hermann Oberth had been 
inspired by his childhood reading of Jules 
Verne, Goddard's childhood reading of H.G. 
Wells' The War of the Worlds had enormous 
influence on him. By the age of seventeen, 
Goddard was already giving serious thought 
to rocketry and space flight. Goddard's 
studies of various rocket fuels while 
majoring in physics at Worcester's Clark 
University led him to conclude that the most 
effective propellant would be a combination 
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of liquid hydrogen and liquid oxygen— 
neither of which was then commercially 
available. Upon completing his doctorate in 
physics, Goddard began teaching at Clark, 
where his lectures in conventional physics 
also contained speculations upon methods 
of traveling in space. His suggested use of 
rockets as a means of reaching the Moon 
was included in a monograph entitled "A 
Method of Reaching Extreme Altitudes,” 
published in 1919 by the Smithsonian 
Institution. The Smithsonian had granted 
$5.000 to Goddard for rocket research in 
1917. 

Goddard was ridiculed by the press. 
which called him "The Moon Man." and the 
New York Times derided him in an 
editorial for lacking "the knowledge daily 
ladled out in high schools." Mary Pickford, 
then a twenty-six-year-old movie starlet 
known as "America's Sweetheart," asked to 
be able to send a message in that first rocket 
to be launched to the Moon. 

The Smithsonian provided the primary 
funding for Goddard's research from 1917 
through 1929, during which period 
Goddard, who had early on recognized that 
liquid fuels provided a higher exhaust 
velocity than solid fuels. had been 
concenirating on developing a liquid-fuel 
rocket capable of carrying meteorological 
instruments to altitudes higher than those 
achieved by balloons. On March 16, 1926. 
after several successful static-fire tests, 
Robert Goddard launched his—and the 
world's —first liquid-propellant rocket. In 
his report to the Smithsonian's C.G. Abbot, 
Goddard wrote: 


In a test made March 16, out of doors, with a 
model...weighing 5% Ib empty and 10% loaded 
with liquids, the lower part of the nozzle burned 
through and dropped off, leaving, however, the 
upper part intact. After about 20 sec. the rocket 
rose without perceptible jar. with no smoke and 
with no apparent increase in the rather small 
flame. increased rapidly in speed. and after 
describing a semi-circle, landed 184 feet from 
the starting point—the curved path being due 
to the fact that the nozzle had burned through 
unevenly, and one side was longer than the 
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The LR-87 gimbal- 
mounted twin- 
chambered, liquid - 
propellant rocket 
engine used to power 
the Titan IICBM 
developed 300,000 
pounds of thrust. 


Foreground: The H-1 liquid-propellant rocket engine was used in the 8- 
engine cluster of the first stage of the Saturn I and IB launch vehicles. This 
engine was used in the launch of the U.S. crew of the Apollo-Soyuz Test 
Project. Background: The LR-87. 


Three of these gold-plated vernier engines шеге used to soft-land the Surveyor 
spacecrafton the Moon. The engine's thrust could be varied from 30 to 104 pounds. 


other. The average speed. from the time of the 
flight measured by a stopwatch, was 60 mph. 
This test was very significant as it was the first 
time that a rocket operated by liquid propellants 
travelled under its own power. 
—"Robert Н. Goddard and 
the Smithsonian Institution,” 
by Frederick C. Durant 11 


The reason that Goddard's rocket lingered 
twenty seconds upon the test stand was that 
the rocket weighed more than its thrust of 
9 pounds, and until the motor had expended 
enough fuel so that the rocket weighed 
less, its thrust could not lift it. The movie 
camera held by Goddard's wife, Esther, who 
was attempting to record this historic event 
for posterity. contained only seven seconds of 
film. The film, of course, had been expended 
before the rocket left the ground. “It looked 
almost magical as it rose without any 
appreciably greater noise or flame," Goddard 
enthusiastically reported, "as if it said, Tve 
been here long enough; I think ГЇЇ be going 
somewhere else." Where the rocket went was 
4] feet high into the air and, although it 
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The Project Orion test vehicle explored the 
feasibility of a unique type of propulsion: 
successive nuclear explosions behind 
the rear pusher plate. Work on Orion was 
halted in 1963 with the signing of the 
Limited Nuclear Test Ban Treaty 
prohibiting nuclear atmospheric tests. 


traveled "down-range" only 184 feet, the 
flight of Goddard's rocket was every bit as 
significant as Wilbur and Orville Wright's 
first flight. 

Throughout the 1920s Goddard continued 
rocket tests at his Aunt Effie's farm outside 
Worcester, but at times the Smithsonian 
could not hide its disappointment at his 
results. Once, upon receipt of a Goddard 
progress report in which the physicist had 
speculated about space travel, Abbot 
responded, "Interplanetary space travel 
would look much nearer to me after I had 
seen one of your rockets go up five or six 
miles in our own atmosphere." In May, 
after another flight with his March 16th 
rocket design, Goddard changed the 
configuration, placing the motor in the now- 
classic position at the rocket's base. This 
particular rocket, referred to as the May. 
1926, device, is on display in this gallery. A 
replica of the original March 16, 1926, rocket 
in its first configuration is on display in the 
Milestones of Flight gallery. 

Goddard was aware that he needed some 


sort of spectacular success, and to achieve 
that he needed a much larger rocket. In 1927 
he built a rocket with a 200-pound thrust, 
but it could not lift its weight. "Instead ofa 
little flier," Esther Goddard said, "he had 
built a big sitter." Goddard decided to 
compromise. A medium-size rocket in the 
40-pound-thrust range would reduce both 
construction effort and cost. Components 
could easily be designed and replaced. 
Goddard bought a secondhand windmill 
frame from a farmer and modified it as a 
launching tower for his 1928 "Hoop Skirt" 
rocket. Although the hoop was designed to 
add stability to the rocket's flight, the hoop 
kept getting caught in the launching tower. 
The rocket did finally fly, however, and 
reached an altitude of 90 feet. Flights 

were so noisy that in July, 1929, police, 
ambulances, and, unfortunately, reporters 
showed up at Aunt Effie's farm, where the 
tests were being carried out. One newspaper, 
vith that blend of malice and glee which 
aviation pioneers had come to expect, 
headlined: MOON ROCKET MISSES TARGET BY 
238,799% MILES. Goddard was forbidden to 
make any more tests on the farm; but with 
the Smithsonian's assistance, he was able to 
work on his rockets at the United States 
Army artillery range at Fort (then Camp) 
Devens, Massachusetts. 

In November, 1929, Goddard was visited 
by an important figure: Charles A. 
Lindbergh. Lindbergh, impressed by the 
potential of rocket power, suggested that 
his good friend and strong supporter of 
the fledgling aeronautic science, Daniel 
Guggenheim. help sponsor Goddard's work. 
Goddard soon received a two-year $50,000 
grant from the Guggenheims and, at about 
the same time, the Smithsonian received 
$5.000 from the Carnegie Institute to 
further Goddard's research. 

With the Guggenheim funding, Goddard 
was at last able to devote himself full-time to 
developing all the various elements of the 
sounding-rocket design he was working on. 
In 1930 he moved to Mescalero Ranch in 
Eden Valley near Roswell, New Mexico, where 
the climate, the landscape, and the privacy 


were perfect for his work. There in Eden 
Valley, Goddard set up a permanent test 
facility and with his crew (which never 
numbered more than seven: Goddard's 
brother-in-law, Albert W. Kisk, and Henry 
Sachs, instrument makers; Charles Mansur 
and his brother, Lawrence, machinists; Nils 
T. Ljungquist, another instrument maker; 
Goddard himself, and his wife, Esther, 

who, in addition to being the official 
photographer. was also responsible for 
dousing fires caused by rocket exhausts) he 
conducted his research on rocket power 
plants, pumps. fuel systems and control 
mechanisms, which included gyrostabiliza- 
tion, steering jet vanes in the rocket exhaust, 
and aerodynamic flaps. The rocket had to be 
almost entirely handmade: 


Goddard ordered materials from large, 
hardware mail-order houses and his crew 
prowled through hardware stores, sporting- 
goods displays and auto-parts outlets. When 
they found something that might do a 
particular job—a child's wristwatch. a length of 
piano wire. an automobile sparkplug—they 
proceeded to use it to perform a function 
undreamed of by its manufacturers. 

A good deal of time had to be spent in the 
shop salvaging rockets that were successful— 
that is, they flew. A rocket that would not take 
off was a disappointment—but the rocket was 
usually left intact. A successful flight meant 
jubilation—and often carrying home a hunk of 
junk, all that remained after a crash landing. 
The smashed rockets could seldom be rebuilt. 
so Goddard designed and built a rocket recovery 
system with parachutes to ensure soft landings. 

—Man and Space, by Arthur C. Clarke 
and the Editors of "Life" 


In 1932, two years after Goddard had 
set up his test facility in Roswell, New 
Mexico, the Guggenheim funds dried up 
because of the worldwide financial 
depression. Goddard returned to 
teaching at Clark University. He even 
had to ask the Smithsonian for $250 
so that he could perform special tests 
concerned with reducing rocket weight. 

In 1934, when the Guggenheim funding 
was resumed, Goddard still had to turn to 
the Smithsonian for assistance on specific 
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problems and, in recognition of his very 
special relationship with the Smithsonian, 
Goddard, at the urging of Harry Guggenheim 
and Charles Lindbergh, sent the Institution 
a complete 1935 A-Series rocket—with the 
understanding that it not be exhibited until 
either he requested it or, in the event of his 
death, at the request of Lindbergh and 
Guggenheim. When the rocket arrived, its 
crate was bricked up inside a false wall 
within the Smithsonian and not exhumed 
until after World War II. This rocket is on 
display in the Satellites gallery. 

Goddard was a gifted, ingenious engineer 
and an experienced and responsible 
scientist. Duringthe Roswell years, 1930—40, 
and with but a small staff, Goddard built 
rocket engines and systems years ahead of 
their time. Among the many pioneering 
steps Goddard accomplished en route to 
successful liquid-propellant rocket-powered 
flight were the following: he obtained 
important performance data through static 
tests which enabled him to continually 
improve his designs; he pioneered gas- 
generator-powered, turbo-pump-fed rockets; 
he developed automatic launch-sequence 
control; he developed timed sequential 
actuation of tank pressurization, ignition, 
umbilical release, automatic shut-down, 
thrust determination, vehicle release, among 
others. Goddard also engineered on-board 
controls for guidance and engine shut-down, 
systems for parachute and payload recovery, 
and pioneered gyrostabilization and in- 
flight aerodynamic and rocket-exhaust 
deflection controls, as well as gimbal- 
mounted rocket motors. He developed 
recording and optical-telescopic tracking 
systems. And finally, he established a 
remarkable safety record throughout the 
Roswell period. Despite working with highly 
combustible and potentially dangerous 
propellants, there was not one serious 
accident during the innumerable static 
tests and thirty-one launches. 

During World War II, Goddard left New 
Mexico for Annapolis, Maryland, to work for 
the government and developed Jet-Assisted 
Take-Off engines (JATO) for the Navy. In 
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March, 1945, Goddard saw captured 
German V-2 Rocket parts for the first time. 
Although Goddard and the team of German 
scientists had worked separated not only by 
an ocean but by that theoretically most 
insurmountable of barriers, rigid wartime 
secrecy, Goddard saw that the V-2 rocket, 
though much larger than his latest 

model, used many similar systems. As 

Dr. Walter R. Dornberger, head of the 
German V-2 rocket team, explained, "That 
was the only way to build a rocket." But 
when. in 1950, Wernher von Braun, the 
German scientist who had presided over the 
V-2's development, examined the more than 
200 patents Goddard was granted covering 
almost every aspect of liquid-fuel rockets, he 


said, "Until 1936, Goddard was ahead of us all." 


Robert H. Goddard died in August, 1945. 
In his unpublished papers Goddard 
speculated about flights to the Moon, the 
planets, and beyond. He never outgrew the 
dream of that small boy who had read 
H.G. Wells' War of the Worlds and been 
struck with wonder at the challenge of the 
unknown. In 1932, Goddard wrote H.G. 
Wells a letter that said something important 
about his dream: 


How many more years I shall be able to work on 
the problem, 1 do not know; | hope. as longas I 
live. There can be no thought of finishing. for 
"aiming at the stars" both literally and 
figuratively, is a problem to occupy generations, 
sothat no matter how much progress one 

makes, there is always the thrill of just beginning. 


—"Robert H. Goddard and 
the Smithsonian Institution," 
by Frederick C. Durant 11 


When the visitor leaves that part of the 
gallery devoted to Goddard's work he sees 
exhibits tracing the development of the 
different national rocket societies of the 
1920s and 1930s, and from there he is 


Right: Despite the problems of restricted 
mobility and poor stowage qualities. this 
RX-1 suit, on at least one occasion, kept a 
man alive and working on simulated tasks 
in a pressure environment like that of space. 
Far right: This type of suit, worn by the 
astronauts on all Project Mercury flights. was 
designed to serve as an emergency backup 
system in case of cabin decompression. 
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introduced to some of the larger rocket 
motors. The largest motors exhibited here 
are the RL-10 and the LR-87. 

The RL-10 has an upper-stage propulsion 
system that can be stopped and restarted in 
space. RL-10s pioneered the use of liquid 
hydrogen as a rocket fuel and powered the 
Centaur launch vehicles that boosted crafts 
such as the Surveyor and Viking into space. 
A cluster of six RL-10 engines propelled the 
second stage of the Saturn I rocket. The 
RL-10 exhibited here has been cut away so 
that the visitors can see the "plumbing" 
inside and gain some understanding of how 
the rocket works. 

The LR-87 was a twin-chamber liquid- 
propelled rocket engine developed for the 
Titan I intercontinental ballistic missile. The 
combustion chambers are gimbal-mounted 
so that the exhaust could be swiveled to direct 
the missile's trajectory during the powered 
phase of flight. One of the most fascinating 
exhibits here is the display area set aside 
for the sounds the various rockets made. 

When the visitor completes his tour of 
Rocketry and Space Flight he enters the final 
area of this gallery, where he is introduced to 
the development of the space suit. 

As man ventures out of his Earth's 
environment it is obvious that he must carry 
his "environment" with him. As his craft 
climbs away from Earth, the atmospheric 
pressure gradually diminishes until it 
disappears entirely. Beyond 40.000 feet, the 
limit for unpressurized flight, lungs no 
longer absorb sufficient oxygen to replenish 
the bloodstream; beyond 460,000 feet the 
atmosphere no longer provides protection 
against micrometeoroids. Were the pilot's 
pressure suit to be punctured by micro- 
meteroids, death would rapidly follow; 


Far left: A layered liquid cooling garment that 
provides for body cooling. 

Left: Designed and created primarily for 
Moon walking. this suit. with its backpack, 
enabled the lunar astronauts to dispense 
with the tether-umbilical used on the 
Pioneer-Gemini "spacewalks" and to roam 
free over the lunar surface. The development 
of this space suit system was one of the most 
complex elements in the history of manned 
space flight. 


therefore, several layers of plastic protect the 
pressure-retaining layer of the suit. 

Pressure-suit development was an 
inevitable outgrowth of international 
competition for altitude and speed records. 
Since many of the problems confronting 
the man in the thin upper reaches of the 
atmosphere would be the same as for a man 
in the depths of the sea, the first pressure 
suits resembled deep-sea diving suits more 
than "space suits," a resemblance already 
familiar to the visitor who saw, in the Flight 
Testing gallery, the world's first practical 
flight pressure suit worn by Wiley Post. 
There is a difference between pressure suits 
and "space suits," however. Both space 
suits and pressure suits need to provide 
protection, mobility, comfort, and minimum 
bulk at light weight. In addition, the space 
suit must make provision for micrometeoroid 
protection, waste management, and the 
extreme temperatures of space. Consider, for 
example, the fact that the Apollo space suit 
worn during the walk on the Moon would be 
alternately exposed to temperatures on the 
surface of +250° F. in the sun and —200° F. 
in shadow. The astronaut's portable life- 
support system (PLSS) had to create and 
maintain a livable atmosphere inside the 
space suit. The PLSS could be worn for seven 
hours without being recharged. It supplied 
oxygen for breathing purposes, suit 
pressurization, communication, and 
ventilation. It also supplied cool water and 
oxygen for body cooling and removed 
contaminants from the oxygen circulating 
through the suit. Fully charged, the pack 
weighed 104 pounds. Fortunately, because of 
the lower gravity, the pack weighed but 17 
pounds on the Moon. 

The visitor to this gallery might be amused 
by the exhibits showing the at times 
startling similarity between the space suits 
worn by the astronauts and those proposed 
by cartoonists and early science-fiction 
writers; but he should also come away from 
this gallery with an appreciation that what 
was science fiction yesterday is fact today. 
And, in like manner, what is science fiction 
today will tomorrow be reality. 
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The fully charged 104-pound Apollo Portable Life Support System (PLSS) 
fortunately weighed but 17 pounds on the 1/6 Earth gravity of the Moon. 


О, September 21, 1938, a major eastern 
metropolitan newspaper editorial entitled 
“Hurricane” concluded that the reason most 
of the east coast was able to keep abreast of a 
hurricanes path was due to “an admirably 
organized meteorological service” that with 
the help of all the ships in the Caribbean 
keeps an hourly watch on the cyclone “peril 
that it is, until at last it whirls out into the 
Atlantic...." 

The very morning the editorial appeared a 
tropical hurricane off Cape Hatteras and 
the Carolinas that was expected to "whirl 
out into the Atlantic" instead suddenly and 
freakishly veered north without warning 
and raced 600 miles in 12 hours, picking 
up speed to shatter the unsuspecting East 
Coast of the United States from New York to 
Boston with such ferocity that it was later 
called the worst natural disaster in American 
history. Winds of 186 mph were recorded at 
the Harvard Observatory: at least 680 lives 
were lost, 708 persons injured; property 
damage was over $400 million; 4,500 
summer cottages and farm buildings were 
destroyed, 15,139 were damaged; 26.000 
automobiles were smashed, 2,605 boats 
were lost; 275 million trees were broken off 
or uprooted.* Along the coasts of Connecticut 
and Rhode Island, high tide rose from 12 to 
25 feet above mean low water, inundating 
the land and washing buildings out to sea; 
most of the storm's victims in Rhode Island 
and Cape Cod were carried away by a huge 


*For comparison, 450 lives were lost during the 1906 
San Francisco earthquake and fire and $350 million 
property damage occurred: in the Great Chicago Fire 
of 1871, 200 lives were lost and $200 million property 
damage was estimated. 


Satellites 


tidal wave. The following day the Associated 
Press reported, “The greens and commons of 
New England will never be the same. Picture 
postcard mementos of the oldest part of the 
United States are gone with the wind and the 
flood. The day of the biggest wind’ has just 
passed and a great part of most picturesque 
America, as old as the Pilgrims, has gone 
beyond recall or replacement.” 

The unintentional irony of that metropol- 
itan editorial applauding the "admirably 
organized meteorological service" the 
morning before the fearsome hurricane hit 
was bitterly countered by one individual who 
responded, "A sophisticated population died 
by hundreds, with little or no knowledge of 
what raw shape of death this was which 
struck from the sky and the tide. In thelong 
and laudable annals of the government's 
weather forecasters, that day's record makes 
what must be the sorriest page.” 

Today, of course, with the meteorological 
satellites aloft, hourly tracking of such a 
storm would be possible. Warning would be 
given, lives would be saved, although the 
now even more crowded shoreline would, 
nevertheless, be devastated again. The use of 
satellites for weather observation, however, 
came almost as an unexpected by-product 
of their intended employment: to gather 
information on the nature of the atmosphere 
and near-earth environment. 

Our ancestors in the world of centuries 
past certainly wondered about and feared the 
strange and terrifying mysteries that filled 
the air—the awesome winds, the terrible 
blizzards, the savage thunderstorms and 
lightning. And, too, they must have marveled 
at the exquisite beauty of rainbows, sunsets, 
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The dizzying “Satellite Array” suggests how crowded near-Earth space has become. 


the mysterious northern lights. What caused raising their instruments high into the sky. 
these strange phenomena? Where did they They experimented with kites of different 
come from? What did they mean? By the sorts and sizes, but a kite could go only as 
sixteenth century, scientists had developed high as the length of its string. Balloons, 
instruments capable of investigating some which had started carrying passengers in 
of these mysteries—the atmosphere's the latter part of the eighteenth century, 
temperature, its composition, how and why were used to lift scientists and their 

it moved— but they needed a means of instruments as well. But by the nineteenth 
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century, the danger of high-altitude flights 
in the thin, cold atmosphere and the 
difficulty of reading and operating 
instruments while suspended in an open 
basket beneath a bobbing balloon had 
become apparent, and even in the sealed 
gondolas of the twentieth century, the 
limitations of balloons capable of carrying 
scientists to the roof of the atmosphere for 
limited periods of time made themselves felt. 
Instruments were developed that functioned 
automatically, thus eliminating the need 

for a scientist to accompany them 
(instrumented balloons are still used today 
to gather long-term information on the lower 
atmosphere); but there continued to exist 
the need to go higher than balloons could 
reach. Robert H. Goddard's monograph, "A 
Method of Reaching Extreme Altitudes,” 
published by the Smithsonian in 1919, 
recognized that the rocket was the only 
vehicle capable of carrying scientific 
instruments to the upper reaches of the 
atmosphere and into space beyond. It is here 
in the introductory section of the Satellite 
gallery that the visitor is shown the evolution 
of satellites and sounding rockets from their 
predecessors, the balloons and kite-borne 
instruments, before entering the main 
exhibition hall. 

The second section of the gallery covers 
sounding rockets from the early Goddard 
vehicles of the Roswell, New Mexico, period 
(1930—40) to those currently in use. The 
term "sounding" is derived from seamen's 
centuries-long use of sounding lines to 
measure the depth of unknown waters. 
Sounding rockets were developed to provide 
scientists with a means of investigating and 
"measuring" the "unknown waters" of the 
atmosphere in a similar fashion. A 1935 
Goddard A- Series rocket is displayed with 
sections of its skin removed, its parts labeled 
and explained. Photographs and slides show 
rockets of the Roswell period, workshop 
scenes, launch preparations, and scenes of 
rockets taking off. The audiovisuals are 
particularly effective and are not only of great 
historic importance but also serve to make 


the work of America's great space pioneer 
Robert H. Goddard "come alive." 

Exhibited here, too, is the WAC Corporal, 
the first successful American sounding 
rocket to reach a significant altitude—in 
1944 the first Corporal to be launched 
reached an altitude of 235,000 feet. There 
is also an Aerobee-150, which can lift a 
150-pound payload to an altitude of 170 
miles; a Viking, which was used to measure 
air temperature, density, pressure, and 
composition and to provide data on cosmic 
and solar radiation; and a Nike-Cajun of 
the type used extensively during the 
International Geophysical Year (1957 ~58) 
to perform a number of research tasks such 
as weather photography, studies of water 
vapor distribution in the upper atmosphere. 
and magnetic soundings in the ionosphere. 
The final large rocket in this section is the 
curiously hybrid four-stage Farside, which 
was launched from a balloon as an extremely 
high-altitude research vehicle. This 2,000- 
pound, 24-foot-long rocket was positioned 
within an aluminum structure suspended 
directly beneath a huge polyethylene balloon. 
When the balloon carrying the Farside rocket 
achieved an altitude of 19 miles, the rocket 
was fired directly through the balloon's apex, 
carrying the instrument payload to an 
estimated altitude of 4,000 miles while it 
studied cosmic rays, the earth's magnetic 
field, certain forms of electromagnetic 
radiation in space, the presence of 
interplanetary gases, and the nature of 
meteoric dust. 

The initial artificial earth satellites were 
natural outgrowths of existing sounding 
rocket programs, and since many of the first 
satellites carried the same instruments to 
examine the same phenomena as their 
sounding rocket predecessors they were 
sometimes known as "long-playing rockets.” 
The great advantage of a satellite over a 
rocket is obviously its ability to provide a 
continuous flow of information for an 
extended period of time. It soon became 
apparent, however, that a stable orbital 
platform not only could be used to 
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investigate questions of interest to 
scientists, but that it could also provide 
novel solutions to problems in fields as 
diverse as communications, weather 
observation, navigation, and the monitoring 
of earth resources on a global scale. The 
earth satellite thereby became one of the 
most valuable investments of the space age. 
The successful orbiting by the Soviets on 
October 4, 1957, ofthe 184-pound Sputnik 1* 
dramatically demonstrated the advanced 
state of Soviet space technology and 
precipitated in the United States a sense of 
crisis and disbelief. The American public, 
which had not thought the Soviet Union had 
the technological expertise or capability for 
orbiting a satellite, believed the United 
States had suffered a humiliating defeat in 
the space race, which indeed it had, and 
perhaps unnecessarily at that. Just over a 
year before Sputnik, a rocket launched on 
September 20, 1956, by the United States 
Army from Cape Canaveral reached a speed 
of 13,000 mph and could easily have 
accelerated the remaining 5,000 mph 


necessary to have gone into orbit but did not, 


according to Arthur C. Clarke, 


...for a reason that was as simple as it is hard to 
believe. The Department of Defense, suspecting 
(not without reason) that the Army might launch 
an unauthorized satellite and apologize later, 
had ordered that the last stage must be an empty 
dummy: Dr. Wernher Von Braun was personally 
directed to make sure that this order was obeyed. 
Not until 16 months later—when two Russian 
satellites had already orbited—was he given an 
opportunity to launch an almost identical vehicle 
with a live final stage. That final stage was the 
first United States satellite, Explorer 1. 

—Man and Space, by Arthur C. Clarke 

and the Editors of "Life" 


It should be remembered that the United 
States Army's rocket program in 1956 was 
directed toward the development of ballistic 


“The great Soviet space theoretician К.Е. Tsiolkovsky 
first suggested naming an artificial earth satellite 
“sputnik,” a word translated as "fellow traveler" or 
"traveling companion." 
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missiles, not toward the launching of 
satellites. The official American satellite pro- 
gram was Project Vanguard—a non-military 
effort —that would rely on a launch vehicle 
specifically developed for that purpose. 
Project Orbiter, the competing Army plan, 
relied upon a modified Redstone missile, the 
exact specifications of which would have to 
be withheld from the world scientific 
community for security reasons. The Army 
was testing nose cones of intercontinental 
ballistic missiles; an orbiting warhead could 
be considered a form of nuclear blackmail, | 
ап overtly aggressive gesture during a period І 
of intense international tensions. 
Nineteen fifty-six was the year of the 
Hungarian uprising, the revolt of the 
Poznari workers in Poland, and the first 
Soviet congress since the death of Stalin, | 
during which the Communist party chief, 
Nikita S. Khrushchev, stated, “We want to be | 
friends and to cooperate with the United 
States in the effort for peace and security of І 
the peoples as well as in the economic and 
cultural fields....' It was also the year the 
Israeli forces achieved a lightning seven-day 
conquest of the Sinai Peninsula and the 
Gaza Strip, that ajoint military action by 
Great Britain and France was directed 
against an Egyptian takeover of the Suez 
Canal, and that an American B-52 over the 
Bikini Atoll demonstrated that the United 
States had a workable hydrogen bomb it 
could deliver anywhere in the world. In the 
weeks that followed the successful Soviet 
launch, work on Project Vanguard continued 
under great pressure, a pressure that was 
increased when, less than one month after 
the launch of Sputnik 1. the Russians 
orbited Sputnik 2—a 1,121-pound satellite 
containing a live dog, Laika—with its final 
more-than-five-ton rocket stage still 
attached! The first American satellite, a 
miniscule 3.3-pound Vanguard 1, was 
prepared for launch on December 6, 1957, 
from its Cape Canaveral pad. Kurt Stehling, 
the Vanguard propulsion engineer. 
described what happened when the launch 
countdown passed zero: 


It seemed as if all the gates of Hell had opened 
up. Briiliant stiletto flames shot out from the 
side of the rocket near the engine. The vehicle 
agonizingly hesitated a moment, quivered again, 
and in front of our unbelieving shocked eyes, 
began to topple. it also sank like a great flaming 
sword into its scabbard down into the blast tube. 
It toppled slowly, breaking apart, hitting part of 
the test stand and ground with a tremendous 
roar that could be felt and heard even behind the 
2-foot concrete walls of the blockhouse. 

—Man and Space, by Arthur C. Clarke 

and the Editors of "Life" 


The grapefruit-sized Vanguard continued to 
beep pathetically even while it was being 
consumed by flames. The satellite was 
recovered and is now in the Apollo to the 
Moon gallery, displayed in the open hand ofa 
dismayed-looking Uncle Sam. Explorer 1. 
America's first successful satellite, a 
30.8-pound device that was about 6% feet 
long. counting its attached fourth stage of the 
rocket, was launched on January 31, 1958, 
atop a four-stage Jupiter-C rocket designed. 
built, and fired by the Army Ballistic Missile 
Agency headed by Dr. Wernher von Braun. 

Unfair criticism and the memory of the 
first launch disaster have obscured the 
record of real successes achieved by 
subsequent Vanguard vehicles— Vanguard 1, 
launched March 17, 1958, Vanguard 2, on 
February 17, 1959, and Vanguard 3, on 
September 18, 1959—the technical 
achievements embodied in the launch 
vehicle, the creation of the important 
minitrack tracking system, the first use of 
silicon solar cells to provide electric power 
in a satellite, the discovery of the earth's 
pear shape, and a wealth of new scientific 
data. 

Visitors to the main exhibition area can 
learn about the forces that maintain a 
satellite in orbit; about orbital and escape 
velocities (18,000 mph for the former, 25,000 
for the latter); about the variety of possible 
orbits, and the utility of particular orbital 
altitudes and inclinations; and the sorts of 
satellites that make use of particular orbits 
and why. Then, having acquainted himself 
with the fundamentals of satellite theory and 


history, the visitor can study at his leisure 
the "Satellite Array,” a dazzling grouping of 
satellites suspended from the gallery ceiling 
which almost inadvertently gives us some 
idea of bow crowded near-space has become 
in the more than twenty years since Sputnik 
waslaunched.* A circular rail beneath the 
satellites carries an illustration of the 
various satellites and describes their 
functions; there are Pioneers, Explorers, 
IMPs (Interplanetary Monitoring Platforms), 
Intelsats, an Ariel, a TIROS, and a Transit. 
Then, the final section of the gallery 
concentrates upon scientific satellites (such 
as the biosatellite exhibited with its 
parachute used during recovery) and the 
variety of missions they perform and 

upon applications satellites such 

as the meteorological satellites, the 

earth monitoring satellites, and the 
communications satellites. 

As the visitor emerges from the gallery. he 
passes again a television set placed by the 
entrance. There a familiar-looking man sits 
behind a desk in a familiar network 
television newsroom set. He is saying. 


We have learned much from satellites and we 
have learned much about them—what they can 
do—what they cannot do—and what we can 
expect from them in the future. They are now 
exotic tools of science and communications— 
and their potential has only just begun to be 
realized. The satellites of the future—now little 
more than a gleam in an engineer's eye —will 
continue to return new knowledge from space 
and enable man to improve his condition on 
Earth in ways that most of us can't imagine. 
They are here to stay. [The sound of a teletype 
machine rises in the background.] And that's the 
way it is. This is Walter Cronkite. 


*By January, 1975, 1,740 payloads had been fired into 
space; of those, 1,007 have been destroyed reentering 
our atmosphere or by impacting on other worlds, 684 
continue in orbit, and 49 are still drifting out into 
space. lt has been estimated that the actual number of 
man-made objects floating about in space is closer to 
4,600, which includes spent military boosters, 

broken transmitters, and bits and pieces of other 
machines. 
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Biosatellite 2 carried frog eggs, plants, microorganisms, and 
insects into orbit on September 7, 1967, to study the 
combined effects of weightlessness, radiation, and the 
absence of normal day-night cycles on biological processes. 
After two days in space, Biosatellite 2 re-entered the 
atmosphere and was caught in mid-air by an Air Force 
recovery aircraft. 


I believe that this nation should commit itself to 
achieving the goal, before this decade is out, of 
landing a man on the moon and returning him 
safely to earth. No single space project in this 
period will be more impressive to mankind or 
more important for the long-range exploration of 
space. And none will be so difficult or expensive 
to accomplish. 

— President John F. Kennedy, May 25, 1961 


A videotape of the young President delivering 
this speech before a special joint session of 
Congress is one of the first images a visitor 
to the Apollo to the Moon gallery sees. 
President Kennedy's announcement that the 
United States intended to land a man on 

the Moon before the decade was out did 
more than define a new role for America's 
manned space flight program: it expressed 
in unequivocal terms this country's 
determination to win the space race, which 
had not only already clearly begun—but 
which also, just as clearly, America was 
already losing. 

Three and a half years earlier, Sputnik's 
faint, otherworldly beep-beep-beep had 
stunned the American people and proven 
that the Soviet Union's scientific and 
technological capabilities were far advanced 
of what had been believed. Furthermore, the 
launching and successful orbiting of the 
1,121-pound satellite Sputnik 2, several 
weeks later, indicated that the Soviet boast 
that they possessed intercontinental ballistic 
missiles capable of striking American 
cities was possibly true. To understand 
the significance of President Kennedy's 
challenge and how the lunar landing was to 
become a tangible symbol of this nation's 


Apollo to the Moon 


resolve to restore its lost prestige, it helps to 
recall the events that led up to the 
President's speech. 

One successful Soviet space launch after 
another had placed increasingly massive 
payloads into orbit while, in the most 
publicized failure in history, America's 3.3- 
pound grapefruit-sized Vanguard satellite 
had plaintively whistled even as its rocket 
consumed itself in flames. The American 
people's growing frustration and 
humiliation as they watched their rockets 
explode on their launch pads had resulted in 
grave doubts not only about this nation's 
technological prowess. but about the whole 
educational process in the United States. 
And then, on April 12, 1961, just before the 
President's speech, the Russians had orbited 
Major Yuri A. Gagarin. And, five days later, 
there occurred the debacle of the Bay of Pigs. 
American morale could not have been lower. 

In the fall of 1958, NASA had begun the 
process of selecting the astronauts and 
establishing the criteria for the sort of men 
they needed: the men would have to be 
pilots. engineers, explorers, scientists, 
guinea pigs; they would have to be physically 
strong enough to endure the stresses and 
requirements of space flight and emotionally 
strong enough to withstand the pressures 
and demands made upon them before and 
after their return. The men would have to 
have daring and courage, but above all would 
have to remain cool and resourceful in the 
face of unforeseen emergencies or hazards. 
NASA set their top age at 40 (there have since 
been changes); their height was to be no 
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more than 5'11"* and weight no more than 
180 pounds. NASA further announced that no 
applicant would be considered who did not 
have a formal engineering degree or its 
equivalent. NASA immediately turned to the 
ranks of practicing military test pilots on the 
theory that these men already had the sort of 
experience and credentials future astronauts 
would need. At 2 PM, on April 9, 1959, the 
seven men who had been selected were 
introduced to the press. When one of the 
reporters asked the astronauts who, among 
them, would be willing to go into space right 
then and there, all seven raised their hands. 
They were M. Scott Carpenter, L. Gordon 
Cooper, Jr.. John Н. Glenn, Jr., Virgil I. 
Grissom, Walter M. Schirra, Jr., Alan B. 
Shepard, Jr., and Donald K. Slayton. Two 
years after our astronauts' introduction to 
the press, Russia's Yuri Gagarin was 
launched into space. Alan Shepard in 
Freedom 7 would follow Gagarin three 

weeks later, on May 5, 1961. 

The morning Shepard was scheduled to 
become the first American in space, the 
launch of his Freedom 7 Mercury spacecraft 
had been delayed by cloud cover and 
problems with a small inverter that needed 
to be replaced. Shepard and Grissom had 
been killing time in the van trying to relax. 
Prior to Gagarin's orbit, the Soviets had 
launched seven dogs into space, Laika 
(11/3/57), Strelka and Belka (8/19/60), 
Pshchelka and Mushka (12/1/60), Chernushka 
(3/9/61), and Zvezdochka (3/25/61), four 
of whom had survived. Shepard was 
listing the desired qualities for being an 
astronaut: courage, perfect vision, low blood 
pressure, coordination. "And you've got to 


"The reason for the height limitation was determined 
by the size of the Mercury spacecraft already on the 
drawing boards, whose dimensions, in turn, were 
dictated by the size of the available Redstone and 
Atlas boosters, which would launch the Mercury 
spacecraft into space. The diameter of the Mercury 
spacecraft at its base was 74”, or 6 2". Once an 
astronaut was in his space suit and helmet, anyone 
taller than 5'11" simply would not fit. 
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have four legs." Shepard said. 

"Why four legs?" asked Grissom. 
“They really wanted to send a dog,” 
Shepard replied, “but they thought that 

would be too cruel.” 

About four hours later, Shepard was 
launched in Freedom 7 atop a Redstone 
rocket that generated 78,000 pounds of 
thrust: 


Just after the count of zero Deke [Slayton, seated 
at the Capsule Communicator desk at Mercury 
Control Center] said, “Lift-off.” Then he added a 
final tension-breaker to make me relax. "You're 
on the way, José," he said. 

I think I braced myself a bit too much while 
Deke was giving me the final count. Nobody 
knew, of course, how much shock and vibration 
I would really feel when I took off. There was no 
one around who had tried it and could tell me; 
and we had not heard from Moscow how it felt.... 

There was alot less vibration and noise rumble 
than I had expected. It was extremely smooth—a 
subtle, gentle, gradual rise off the ground....But 
there was no question that I was going....! could 
see it on the instruments, hear it on the 
headphones, feel it all around me. 

lt was a strange and exciting sensation. And 
yet it was so mild and easy— much like the rides 
we had experienced in our trainers—that it 
somehow seemed very familiar....For the first 
minute the ride continued to be very smooth. My 
main job just then was to keep the people on the 
ground as relaxed and informed as possible.... 
So 1 did quite a bit of reporting over the radio 
about oxygen pressure and fuel consumption 
and cabin temperature and how the G's were 
mounting slowly, just as we had predicted they 
would.... 

One minute after lift-off the ride did get a little 
rough. This was where the booster and the 
capsule passed from sonic to supersonic speed 
and then immediately went slicing through a 
zone of maximum dynamic pressure as the 
forces of speed and air density combined at their 
peak. The spacecraft started vibrating here. 
Although my vision was blurred for a few 
seconds, | had no trouble seeing the instrument 
panel. We had known that something like this 
was going to happen, and if I had sent down a 
garbled message that it was worse than we had 
expected and that I was really getting buffeted, I 
think I might have put everybody on the ground 
in a state of shock. l did not want to panic 
anyone into ordering me to leave. And I did not 


want to leave. So I waited until the vibration 
stopped and let the Control Center know 
indirectly by reporting to Deke that it was "a lot 
smoother now, a lot smoother." 

... The engine cutoff occurred right on 
schedule, at two minutes and 22 seconds after 
lift-off. Nothing abrupt happened, just a delicate 
and gradual dropping off of the thrust as the fuel 
flow decreased. I heard a roaring noise as the 
escape tower blew off...and then 1 heard a noise 
as the little rockets fired to separate the capsule 
from the booster. This was a critical point of the 
flight, both technically and psychologically. I 
knew that if the capsule got hung up on the 
booster, 1 would have quite a different flight, and 
І had thought about this possibility quite a lot 
before lift-off.... Right after leaving the booster, 
the capsule and 1 went weightless together and 1 
could feel the capsule begin its slow, lazy 
turnaround to get into position for the rest of the 
flight. It turned 180 degrees, with the blunt or 
bottom end swinging forward now to take up the 
heat.... The capsule was traveling at about 5,000 
miles per hour now....All through this period. 
the capsule and І remained weightless. And 
though we had had a lot of free advice on how 
this would feel —some of it rather dire—the 
sensation was...pleasant and relaxing. lt had 
absolutely no effect on my movements or my 
efficiency. 1 was completely comfortable, and it 
was something of a relief not to feel the pressure 
and weight of my body against the couch. The 
ends of my straps floated around a little, and 
there was some dust drifting around in the 
cockpit with me. But these were unimportant 
and peripheral indications that I was at Zero G. 

... At five minutes and 14 seconds after 
launch, the first of the three [retro-] rockets went 
off, right on schedule. The other two went off at 
the prescribed five-second intervals. There was a 
small upsetting motion as our speed was 
reduced, and 1 was pushed back into the couch a 


direction, spinning at a rate of about 10 degrees 
per second around its long axis. This was 
programed to even out the heat and it did not 
bother me. Neither did the sudden rise in 
temperature as the friction of the air began to 
build up outside the capsule. The temperature 
climbed to 1,230 degrees Fahrenheit on the 
outer walls. But it never got above 100 degrees 
in the cabin or above 82 degrees in my suit. ... 
By the time 1 had fallen to 30,000 feet the 
capsule had slowed down to about 300 miles per 
hour. l knew from talking to Deke that my 
trajectory looked good and that Freedom 7 was 
going to land right in the center of the recovery 
area.... At about 1,000 feet | looked out through 
the porthole and saw the water coming up 
towards me. | braced myself in the couch for the 
impact, but it was not bad at all. lt was a little 
abrupt, but no more severe than the jolt a Navy 
pilot gets when he is launched off the catapult 
of a carrier. The spacecraft hit. then flopped 
over on its side.... One porthole was completely 
under water.... 1 could not see any water 
seeping into the capsule, but I could hear all 
kinds of gurgling sounds around те, so 1 was 
not sure whether we were leaking or not. Slowly 
but steadily the capsule began to right itself. As 
soon as 1 knew the radio antenna was out of the 
water | sent off a message saying that | was fine. 

It took the helicopter seven minutes to get me 
to the carrier. When we approached the ship 1 
could see sailors crowding the deck, applauding 
and cheering and waving their caps. 1 felt a real 
lump in my throat. 


— We Seven. by the Astronauts Themselves. 
by M. Scott Carpenter, et al. 


Visitors to the Apollo to the Moon gallery 


can see Shepard's historic Freedom 7 
Mercury spacecraft. The engineers who 


went over the capsule after Shepard's flight 
decided that Freedom 7 had come through 
its 15 minute 22 second. 536-mile trip in 
such good shape that it could be used again. 
The next Mercury launch was Gus 
Grissom's ill-fated, nearly identical, sub- 
orbital ballistic flight aboard Liberty Bell 7* 


bit by the sudden change in Gs. But each time 
the capsule started to get pushed out of its 
proper angle by one of the retros going off I found 
l could bring it back again with no trouble at all. | 
was able to stay on top of the flight by using the 
manual controls and this was perhaps the most 
encouraging part of the entire mission.... 

In that long plunge back to earth, | was pushed 
back into the couch with a force of about 11 Gs. ... 
All the way down. as the altimeter spun through 
mile after mile of descent, | kept grunting out 
"O.K., O.K.. O.K.," just to show them back in 
the Control Center how | was doing.... All 
through this period of falling the capsule rolled 
around very slowly in a counterclockwise 


*Freedom 7 had been the seventh Mercury spacecraft 
built, hence the number 7. However, afterwards. 

the 7 was retained by the astronauts, who wished 

to indicate their sense of unity at being the first 
seven astronauts chosen. 


The Freedom 7 
Mercury spacecraft in 
which, on May 5, 
1961, astronaut Alan 
B. Shepard, became 
the first American 

to enter space. 


on July 21, 1961. Grissom's craft had a 
crack painted on it in honor of its namesake 
and when, upon landing, its hatch 
inexplicably blew, flooding the spacecraft 
and causing it to sink, they lamely joked at 
the Cape that it was the last time they'd 
launch a spacecraft with a crack in it. 
Despite the loss of Liberty Bell 7, Grissom's 
flight was judged so successful that no 
further Redstone launches were called for. 
The next mission was John Glenn's three- 
orbit flight in Friendship 7, the spacecraft 
on exhibit in the Milestones gallery. 
Friendship 7 was launched on the morning 
of February 20, 1962, atop an Atlas launch 
vehicle whose 360,000-pound thrust acceler- 
ated the Mercury spacecraft to an orbital 
velocity of 17,540 mph in slightly more than 
5 minutes. Shepard's and Grissom's sub- 
orbital flights had shown that the Mercury 
spacecraft was a safe vehicle for manned 
flight; Glenn's Friendship 7 flight tested the 
performance of the pilot in a more extended 
weightless condition and how well the pilot 
could operate and interact with the various 
automatic systems in the spacecraft. When 
an attitude-control rocket malfunctioned 
during one of the orbits, forcing Glenn to 
take over manual control of his craft, the 
advantage of manned space flight was 
clearly proven. Scott Carpenter in Aurora 7 
duplicated Glenn's three-orbit flight on May 
24, 1962. Despite constant problems with 
faulty instruments, an overheating space 
suit, and, during preparation for re-entry, 
misfiring of the rockets, which caused 
Carpenter to overshoot his target area by 
some 250 miles, Aurora 7's flight, too, 
was a success. Wally Schirra in Sigma 7 
was next; his flight was virtually perfect and 
after six orbits he splashed down only four 
miles from his recovery ship. The last 
Mercury flight was Gordon Cooper's Faith 7 
on May 15, 1963. Cooper made 22 orbits 
and was aloft for 34 hours, 19 minutes, 
and 49 seconds, an American endurance 
record, during which he traveled some 
583,000 miles. 

The Russians, too, had been busy. In 


August, two months prior to Schirra's 
flight, the Soviets had launched their most 
spectacular manned flights. Vostok 3 with 
Andrian G. Nikolayev was launched August 
11,1962, and the following day Vostok 4 with 
Pavel R. Popovich was sent up to join him. 
The two Soviet spacecraft approached to 
within three miles of each other, but they 
did not attempt rendezvous. Popovich's 48 
orbits and Nikolayev's 64 orbits continued 
to give the impression that the Soviet space 
program was more advanced than ours. Not 
until August 21, 1965, three years after the 
Vostok 3 and 4 launches, would an 
American Gemini spacecraft, Gemini 5, 
carrying astronauts Gordon Cooper and 
Charles Conrad, Jr., surpass the Soviet 
endurance record with a flight of 120 orbits 
lasting eight days. By this time, however, 
the Soviets had launched two of their 
Voskhod series spacecraft, which weighed 
11,731 pounds, nearly as much as our 
Apollo spacecraft would weigh five years 
later. Voskhod 1, launched in October, 1964, 
had carried three cosmonauts. Voskhod 2, 
launched March 18. 1965, carried two, 
Aleksei Leonov and Pavel Belyayev, into a 
seventeen-orbit mission during which 
Leonov became the first man to "walk" in 
space. Difficulties with its automatic 
navigational system caused the Voskhod 2 
to miss its planned landing site in the 
Ukraine. The spacecraft parachuted to earth 
far to the frozen north and it took several 
hours for the spacecraft to be located and 
nearly a day for a ground party to break 
through the forest to bring the cosmonauts 
out on skis. While waiting for rescue, the 
Soviet crew were forced to remain in their 
capsule out of fear of the lurking wolves. Ed 
White's 20-minute "space walk" in Gemini 4 
took place not quite three months after 
Leonov's and was the highlight of Gemini 
4's 62-orbit journey on June 3, 1965. 

The Gemini 7 spacecraft in the Apollo to 
the Moon gallery was launched on December 
4, 1965, and was followed by Gemini 6 on 
December 15. Gernini 6, containing 
astronauts Schirra and Stafford, had been 
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Suiting Up. Norman Rockwell's 1965 painting of Virgil1. Grissom and John W. 
Young's Gemini 3 flight captures the intricacies of the preflight preparations. 


scheduled for launch October 25, 1965, to 
test rendezvous and docking procedures, 
but it had been delayed when their Agena 
target vehicle had exploded. Schirra and 
Stafford had watched the Agena's flawless 
launch from atop their own Titan II booster 
and then had begun to busy themselves 
with their own launch preparations when, 
six minutes into their target vehicle's flight, 
all telemetry ceased and the tracking radar 
at the Cape found itself following not one 
vehicle but five or six. Gemini 6's attempt at 
the first space rendezvous docking had to be 
put off until Gemini 7 could be pressed into 
service as the "target vehicle.” 

Gemini 6 was rescheduled for launch on 
December 12,eight days into Gemini 75 flight, 
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...and Launch Complex 19 at the Cape again had 
a Gemini-Titan poised for launch. Wally Schirra 
and Tom Stafford had no Agena to worry about 
this time, and all appeared normal during the 
countdown. 1n fact, they got engine ignition and 
an indication of lift-off—then sudden silence. 
They had about a second to review two scenarios: 
(1) the engines for some reason had shut down 
after lift-off, and they were now on the brink of 
disaster and would either settle back down or 
topple over, requiring immediate ejection to 
avoid the ensuing holocaust; (2) the engines had 
shut down the instant before lift-off, in which 
case they were still firmly bolted to the launch 
pad and could stay put unless some new danger 
developed. The design of the hardware spoke for 
option 1 (supposedly the lift-off signal in the 
cockpit was foolproof), but the seat of Wally's 
pants spoke for 2. 1t felt solid under him. A 
panicky type might have ejected anyway. and 
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December, 1965: Gemini 6 and Gemini 7 practiced rendezvous techniques with each other 
approaching at times as close together as 6 feet. Here Gemini 7 is seen from Gemini 6. 


had Wally and Tom done so, certainly no one 
familiar with the hardware would have blamed 
them. But supercool Wally kept his head, picked 
the correct option, and Gemini 6 was saved to fly 
another day. 

—Carrying the Fire, by Michael Collins 


An electrical plug had vibrated loose just 
after engine ignition and a split second 
before lift-off, thereby sending a shut-down 
signal to the engines. lt was later found that 
“a plastic dust cover carelessly left in a fuel 
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line would have blocked the Gemini 6 launch 
even if an electrical plug had not dropped 
out of the tail and shut down the Titan П 
engines."* Thedevice, installed at the plant, 
had not been removed due to "human error." 
The third launch attempt, on December 15, 
1965, was successful, and after chasing 
Gemini 7 for four orbits, Gemini 6 caught 
up. The two spacecraft flew in close 


*NASA SP-4006, "Astronautics and Aeronautics, 1965" 


formation for five and a half hours, their 
crews talking back and forth, snapping 
pictures of one another, and at times 
approaching as close together as six feet at 
an altitude of 185 miles. And then, after 
almost 26 hours in flight, Gemini 6 was 
recovered while Gemini 7 remained aloft for 
two more days. On December 18, Frank 
Borman and James Lovell rotated their 
Gemini 7 into a retrofire attitude and 
prepared the electrical circuitry that would 
fire the retrorockets to bring them back 
down. These motors had been exposed to the 
cold vacuum of space for more than two 
weeks and there was some worry that they 
might not fire. Mission Control Center was 
relieved to hear Borman report a successful 
retrofire, and when the two astronauts were 
recovered and were seen on television 
walking confidently across the carrier deck 
with no apparent serious problems after 
their record-setting 330-hour endurance 
flight in space—nearly double the length of 
time required for a round-trip to the Moon— 
it now seemed clear that the United States 
had at last caught up with, if not actually 
overtaken, the Soviet space effort. 

Only five more Gemini flights were 
planned, and the single major unanswered 
question that the Gemini program had been 
designed to resolve was the practicality of a 
lunar strategy requiring a space rendezvous 
for its successful completion. An actual 
docking had yet to take place, and the 
remaining missions were designed to perfect 
rendezvous and docking techniques and the 
sort of Extra-vehicular Activity (EVA) a Moon 
landing would require. Although Ed White's 
22-minute “space walk” on Gemini 4 had 
been successful, there still did not exist 
enough practical experience to prove that a 
man could operate effectively outside of his 
spacecraft. Gemini 8, launched March 16, 
1966, carrying Neil Armstrong and David 
Scott, completed the first space docking with 
an Agena target rocket, but when moments 
later a runaway thruster on the Gemini 
craft caused the linked vehicles to gyrate 
uncontrollably, they were forced to undock. 


June. 1966: "We have an angry alligator on 
our hands," radioed Gemini 95 Thomas 
Stafford as they approached their still nose- 
shrouded target docking vehicle. 


After undocking, the Gemini began to 
tumble at a rate which built up to 300 de- 
grees per second. Armstrong had to activate 
the re-entry attitude-control system 
to bring the spinning Gemini back under 
control; but once that was done, they had 
no Choice but to return to earth, 60 hours 
earlier than planned, after spending 10 
hours and 42 minutes in space. 

Gemini 9, scheduled for launch May 17, 
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1966, had to be delayed when the Atlas 
booster that was to lift its Agena target 
vehicle into orbit went out of control, 
causing the rocket to plunge into the 
Atlantic. The launch, which was 
rescheduled for June 1, was delayed once 
more; but on June 3, Gemini 9 finally 
thundered into orbit only to discover that 
the nose shroud of their target vehicle 

had failed to separate and was instead still 
attached. Its appearance caused astronaut 
Stafford to report, “We have an angry 
alligator on our hands.” Cernan's two-hour 
space walk during this flight was hampered 
by his exertion, which caused his visor to 
fog over. Gemini 10, launched July 10, 1966, 
rendezvoused with two different Agena 
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vehicles and, after successfully docking with 
one, astronauts John Young and Michael 
Collins used its power to propel them 

into a higher orbit. Collins transmitted a 
long series of three-digit commands to 

the Agena to commence its automatic firing 
sequence, and since they were docked 
nose-to-nose, the astronauts had the ex- 
traordinary experience of watching their own 
rocket fire up at them: * 


*Collins' and Young's Gemini 10 was docked on the near 
end of their Agena, whose engine was mounted on the 
far end so that they couldn't quite see it. The Agena 
engine with its 16,000-pound thrust would take them to 
an altitude of 475 miles, higher than any manned 
spacecraft had gone before. 


At the appointed moment, all I see is a string of 
snowballs shooting out of the back of the Agena 
in a widening cone. The unexpected white 
stream is quite pretty against the black sky. Aw 
shucks, I think, it's not going to light, when 
suddenly the whole sky turns orange-white and I 
am plastered against my shoulder straps. There 
is no subtlety to this engine, no gentleness in its 
approach. I am supposed to monitor the status 
display panel, but І cannot prevent my eyes from 
wandering past it to the glorious Fourth of July 
spectacle radiating out from the engine. Out of 
long habit, however, I check my instruments, 
and all seems to be going well inside the cockpit. 
We are swaying mildly back and forth...and as 
the clock passes through fourteen seconds. I 
send a command for this raucous engine to 
cease. At that very instant it has come to the 
same conclusion, and we are now jerked back 
into weightlessness and treated to a thirty- 
second barrage of visual effects even more 
spectacular than the preliminaries. It is nearly 
sunset with the sun directly behind us; it clearly 
illuminates each particle, spark, and fireball 
coming out of the engine, and there are plenty of 
them. Some of them are small as fireflies, others 
large as basketballs; some depart lazily, others 
zing off at great speed. There is a golden halo 
encircling the entire Agena that fades very slowly. 
—Carrying the Fire, by Michael Collins 


One of Collins' assigned EVAs was to 
retrieve a micrometeorite package from an 
Agena that had been exposed to space for 


four months: 


...Gently, gently 1 push away from Gemini, 
hopefully balancing the pressure of my right 
hand on the open hatch with that of my left hand 
on the spacecraft itself. As 1 float out of the 
cockpit. upward and slightly forward, | note with 
relief that I am not snagged on anything but am 
traveling in a straight line with no tendency to 
pitch or yaw as 1 go. It's not more than three or 
four seconds before 1 collide with my target, the 
docking adapter on the end of the Agena. A cone- 
shaped affair with a smooth edge, it isalousy 
spot to land because there are no ready 
handholds, but this is the end where the 
micrometeorite package is located and, after all, 
that is what I have come so far to retrieve. I grab 
the slippery lip of the docking cone with both 
hands and start working my way around it 
counterclockwise. It takes about 90 degrees of 
hand-walking in stiff pressurized gloves to reach 
the package. As 1 move 1 dislodge part of the 
docking apparatus, an electric discharge ring 


which springs loose, dangling from one 
attaching point. It looks like a thin scythe with a 
wicked hook, two feet in diameter. I don't know 
what will happen If 1 become ensnarled In it.... 
Best I stay clear of it. By this time, I have reached 
the package. and now 1 must stop. Son-of-a- bitch, 
lam falling off! I have built up too much momen- 
tum, and now the inertia in my torso and legs 
keeps me moving; first my right hand, and then 
my left. feel the Agena slither away, despite my 
desperate clutch. As 1 slowly cartwheel away from 
the Agena, | see absolutely nothing but black sky 
for several seconds, and then the Gemini hoves 
intoview. John [Young] hasapparently watched 
all this in silence, but now he croaks, "Where are 
you, Mike?" "I'm up above. You don't want to 
sweat it. Only don't go any closer if you can help 
it. O.K. ?" "Yes." 

—Carrying the Fire, by Michael Collins 


Collins did succeed in controlling himself 
eventually and, with the help of a handheld 
"maneuvering gun" whose propellant gas 
would act as a tiny rocket in space. was able 
to retrieve the micrometeorite package and 
return to the Gemini. 

The final two Gemini flights had 
astronauts Conrad and Gordon launched in 
Gemini 11 on September 12. 1966, where 
they linked up with an orbiting Agena and, 
using its power, kicked themselves up to a 
record height of 853 miles. Later, after 
undocking at 180 miles altitude, the 
astronauts created some gravity by spinning 
the two vehicles around each other at 
the end of a 100-foot rope. Gemini 12, with 
astronauts Lovell and Aldrin, launched 
November 11, 1966, concentrated on an 
extensive EVA, which included simple 
calisthenics. a space walk, photography. 
more rendezvous and docking: and the 
Gemini program was concluded. Borman 
and Lovell in Gemini 7 had proven that men 
could remain weightless for fourteen days 
without suffering any serious consequences; 
and a lunar landing mission would require 
only about half as much time. 

Gemini 6, 8, 9, 10, 11, and 12 had 
successfully attempted a variety of 
rendezvous and docking techniques, proving 
that a lunar strategy calling for a space 
rendezvous was practical and that if it could 
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Overleaf: Five huge F-1 engines such as these 
devetoping a total rhrust of 7.6 million pounds 
powered the first stage of the Saturn V that 
fnunched the manned Apollo to the Moor. 
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Left: The Moon and Earth are photographed 
by the crew of Apollo 8 on their way to the 
Moon over Christmas 1968. 


be done in earth orbit, it could be done 
around the Moon. 

And not the least important by any means 
was the training and experience gained 
not only by the astronauts but by the men on 
the ground; an intricately coordinated, 
competent testing, planning, and flight 
control team had been created and had 
shown its ability to minimize the hazards of 
sending men on missions a quarter ofa 
million miles from earth and of returning 
them safely in spite of the problems that 
arise whenever men deal with complex, 
unproven machinery in the unknown. It 
was time to go to the Moon. 

By this time tens of thousands of 
photographs had been taken by American 
Ranger, Lunar Orbiter, and Surveyor 
spacecraft and by Russian Luna and Zond 
vehicles. Both the Americans and Soviets 
had accomplisehd successful soft landings 
on the Moon's surface. Lunar Orbiter 1, on 
August 23, 1966, had returned hundreds of 
medium-resolution close-ups of potential 
Apollo landing sites, revealing that the mare 
areas, which appeared so smooth in 
telescopes, were actually pitted with craters. 
(Lunar Orbiter 2, launched in November, 
1966, had confirmed the puzzling fact, first 
indicated by Soviet photographs, that there 
are no large maria on the hidden side of the 
moon.) And then, early in 1967, both the 
Soviet and the American manned space 
programs came to a tragic halt. 

On January 27, 1967, Mike Collins as 
senior astronaut present had to attend the 
Friday staff meeting at Deke Slayton's office. 
There were very few people around; Slayton, 


Right: The seven-mile-wide crater Schmidt 
on the lower western edge of Mare Tranquilli- 
tatis photographed by Apollo 10 in May, 1969. 
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Apollo 10's Lunar Module 
Snoopy returns from its 
trip to within 8.4 miles of 
the Moon's surface to 
rendezvous and dock 
with the Command 
Module Charlie Brown. 


too, was absent and his assistant Don 
Gregory was presiding. Collins relates what 
it was like: 


...We had just barely gotten started when the red 
crash phone on Deke's desk rang. Don snatched 
it up and listened impassively. The rest of us 
said nothing. Red phones were a part of my 
life, and when they rang, it was usually a 
communications test or a warning of an aircraft 
accident or a plane aloft in trouble. After what 
seemed a long time, Don finally hung up and 
said very quietly, "Fire in the spacecraft." That's 
all he had to say. There was no doubt which 
spacecraft (012) or who was in it (Grissom-White- 
Chaffee) or where (Pad 34, Cape Kennedy) or why 
(a final systems test) or what (death, the quicker 
the better). All I could think of was, My God, such 
an obvious thing and yet we hadn't considered 
it. We worried about engines that wouldn't 
start or stop; we worried about leaks; we even 
worried about how a flame front might propagaie 
in weightlessness and how cabin pressure might 
be reduced to stop fire in space. But right here 
on the ground. when we should have been most 
alert, we put three guys inside an untried 
spacecraft, strapped them into couches, locked 
two cumbersome hatches behind them, and left 
them no way of escaping a fire.... As we sat there 
stunned, the red phone rang again and delivered 
additional details— rescue crew on the spot but 
unable to enter because of excessive heat... 
damage confined to command module alone— 
no word from the crew or sign of activity from 
within. Hell no, nor would there ever be—the 
only question was: How quickly, how quickly? 
—Carrying the Fire, by Michael Collins 


The deaths of Virgil Grissom, Edward White, 
and Roger Chaffee brought the United States 
manned space program to a sudden halt. Not 
quite three months later, Vladimir Komarov, 
a veteran Soviet cosmonaut, was killed when 
his new Soyuz 1 spacecraft, which had been 
tumbling badly during a flight, was ordered 
to terminate the mission. During descent, 
the Soyuz became tangled up in its 
parachute lines and plunged to earth. The 
Soviets did not launch another manned 
spacecraft until October 26, 1968; the 
Americans, too, had had to extensively 
redesign their Apollo spacecraft. After two 
unmanned test flights, astronauts Schirra, 
Eisele, and Cunningham were launched 

on October 11, 1968 (twenty-one months 


after the fatal fire), in Apollo 7 to test the 
Apollo command module in the relative 
safety of earth orbit. Their Apollo flight 
lasted nearly eleven days. The next mission, 
Apollo 8, would send the Apollo command 
module and service module to the Moon atop 
the huge Saturn V rocket, which had not yet 
been used for a manned flight. 

Apollo 8, carrying astronauts Borman, 
Lovell, and Anders, was launched from Cape 
Kennedy on December 21, 1968. The giant 
364-foot-tall, 6-million-pound Saturn V 
dwarfed all previous launch vehicles. The 
main thrust was provided by five F-1 engines 
clustered together to create 7.6 million 
pounds of thrust. Visitors to this gallery can 
get some idea of how huge these engines are 
by seeing the exhibited F-1 mirrored to create 
the illusion of all five engines together. The 
second powered stage contained five J-2 
engines, which created a million pounds of 
thrust; and the third stage contained one J-2 
engine atop which was a truncated conical 
housing that protected and held the lunar 
module during the flight. Above the third 
stage was the service module, which held the 
fuel cells for electrical power in space, tanks, 
and supporting systems, and a single 
restartable engine capable of being 
repeatedly fired in a space environment. This 
engine propelled and maneuvered the 
spacecraft once the third stage had been 
jettisoned. Above the service module was 
the command module, the crew's quarters 
during the flight, and the escape tower 
which would provide their emergency exit in 
event of trouble on or near the launching pad. 

Although Apollo 8's flight might pose fewer 
unknowns than had Columbus's voyage, as 
NASA's safety chief Jerry Lederer pointed out 
three days before the launch, the mission 
would "involve risks of great magnitude and 
probably risks that have not been foreseen. 
Apollo 8 has 5,600,000 parts and one and 
one half million systems, subsystems, and 
assemblies. Even if all functioned with 
99.9% reliability, we could expect fifty-six 
hundred defects...." What made Apollo 8's 
flight different from the six Mercury, ten 
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As Apollo 11 containing 
the first men to walk 

on the Moon swept over 
the Moon's horizon, 

the astronauts 
photographed the 
awesome majesty of an 
earthrise from outer 


space. 


A large un-named crater, fifty miles in diameter, on the far side of the Moon photographed by the crew of Apollo 11. 


Overleaf: Interior of the Apollo Lunar Lander 
from which visitors can watch and hear 
Apollo 17's landing. 


Lunar Module 2, on exhibit in the 

Museum's East Gallery, was built for і 
ап unmanned earth-orbital test flight. 
However, the mission of Lunar Module 1 
was so successful that it was deemed 
unnecessary to fly the second craft. 
While being prepared for exhibition, 

the craft was outfitted to duplicate the 
Apollo 11 Lunar Module Eagle. 
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Gemini апа one Apollo flight that had 
preceded it was that during this mission 
for the first time man: 


...was going to propel himself past escape 
velocity, breaking the clutch of our earth's 
gravitational field and coasting into outer space 
as he had never done before. After TLI [translunar 
injection]there would be three men in the solar 
system who would have to be counted apart from 
all the other billions, three who were ina 
different place, whose motion obeyed different 
rules, and whose habitat had to be considered a 
separate planet. The three could examine the 
earth and the earth could examine them, and 
each would see the other for the first time. This 
the people in Mission Control knew; yet there 
were no immortal words on the wall proclaiming 
the fact, only a thin green line, representing 
Apollo 8 climbing, speeding, vanishing—leaving 
us stranded behind on this planet, awed by the 
fact that we humans had finally had an option to 
stay or to leave—and had chosen to leave. 
—Carrying the Fire, by Michael Collins 


There were more newspaper reporters at the 
Cape for Apollo 8's launch than for any flight 
since John Glenn's, and at Mission Control 
there was not only the worry at the potential 
of mechanical problems, but the necessity 
for the absolute accuracy of their navigation, 
which required Apollo 8 to miss the Moon by 
only eighty miles from a distance of 230,000 
miles away. Apollo 8 arrived in orbit around 
the Moon on Christmas Eve and the crew 
celebrated by taking turns reading from the 
King James version of the Bible: 


"In the Beginning God created the Heaven and 
the Earth. And the Earth was without form and 
void. And Darkness was upon the face of the 
Deep.... And God saw that it was Good...." And 
from the crew of Apollo 8, we close with good 
night, good luck and a Merry Christmas. And 
God bless all of you, all of you on the good Earth. 


During their ten orbits of the Moon, the 
astronauts had the opportunity to see sights 
never seen before: the first "earth-rise," the 
rugged. pockmarked far side of the Moon, 


Neil Armstrong took this photograph of Edwin E. 
("Buzz") Aldrin, Jr., saluting the newly planted 
American flag on the surface of the Moon as 
millions watched on televtston on Earth. 


"s nd = 
- 4 оз 
4* 
"P е ات‎ I 
- э p 
LM ИНЕ 
T 
“= I был ар 
= у + -p om 
~ y VR 
nx cw a 
سے‎ ^ 4 e 
2 ناس“‎ QUE 
„реше — 
v = 1 » ern жя” چ‎ 
i * A ALEA 
— = ' Bei WK. 
per \ ir 4 pee 
„= >” r 


: ھم‎ E E 
- ` 2 š i " 
, ee, A Cos 
y АЉ a Te 
= یھ‎ 
LIC SR „Жу 
а + м 
` Y 
» 2, ` 
i — x 
A ':. ч 
ЖҮЛ, — 
- “>= = 
== 
7 E 2 
5 ^ 
4> v sí 
7 КЗ x Ўт 3 
A و‎ RS 
í x "us E i 
: P. 


So that the Stars and Stripes might "wave" in the airless atmosphere of the 
Moon. the flag had to be stiffened with a brace. 


апа as they circled they took hundreds of 
photographs, made scientific observations, 
and shared with millions of people on earth, 
through live television broadcasts, the 
incredible scenes they saw. The astronauts 
found the Moon, “a very whitish gray, like 
dirty beach sand,” and astronaut William 
Anders thought it “a very dark and 
unappetizing place.” And then it was time 
for them to restart their SPS engine to 

come home. 

Apollo 9, launched March 3, 1969, was the 
first manned flight of the lunar module. 
While Apollo 9 would be a less spectacular 
flight than the one that had preceded it in 
that Apollo 9 would never leave earth orbit, 
it was essential that the practicality of the 
rendezvous and docking of the Command 
Service Module (CSM) and the Lunar 
Module (LM) be tested. The "tissue paper 
spacecraft," as Jim McDivitt described 
the thin-skinned LM, was vital to the 
program and there was no need to fly it all 
the way to the Moon on its maiden flight. 
There was, however, the need to make sure 
everything worked. The Command Service 
Module had to be separated from the Saturn, 
turned 180 degrees, then driven back to 
where the Lunar Module was nestled within 
its protective sheath, and then docked. 
Once the CSM and the LM were docked 
nose to nose, the CSM would pull the 
LM free of the Saturn. On a lunar flight, 
this transposition and docking would be 
done only after the astronauts had been 
committed to leaving earth orbit and on 
course for the Moon. Fortunately, Apollo 9 
went smoothly. The CSM pulled the LM free, 
and then they undocked from each other to 
perform a series of maneuvers which took 
them as far as 100 miles apart. They then 
duplicated as exactly as possible the sort of 
maneuvers and techniques required for a 
Lunar Module crew ascending from the 
Moon's surface to link back up with their 
Command Service Module. 

Since Apollo 8's lunar flight had been 
successful and Apollo 9's had shown that the 
LM and CSM could transpose, dock, and 
rendezvous successfully, and since Apollo 10 


was scheduled to be launched in just two 
more months, in May, why shouldn't Apollo 
10's mission (which called for Tom Stafford 
and Gene Cernan to separate their LM from 
the CSM piloted by John Young and to 
descend to 50.000 feet above the lunar 
surface) attempt a lunar landing? There 
were many reasons, some having to do with 
the Moon being an entirely different environ- 
ment in which to attempt a rendezvous, the 
lighting conditions, the orbital velocities. the 
ground tracking capabilities being different; 
an added complication was that the 
gravitational pull of the Moon was not evenly 
distributed and not enough information had 
been gained about where the concentrations 
of heavy-gravity spots were located to permit 
the tracking people with their computers to 
know exactly when and how they might 
affect an orbiting LM or CSM. The final 
argument was that Stafford's LM was 

some pounds overweight— which meant 
little in orbit, but which might be of 
immense significance when the time came to 
lift the LM off the surface of the Moon. 

Apollo 10, launched on May 18, 1969, was 
the only full "dress rehearsal" for man's 
landing on the Moon. Astronauts Stafford 
and Cernan took their LM, Snoopy, down to 
8.4 miles above the lunar surface to check 
out the Apollo 11 landing site in the Sea of 
Tranquility. After two passes and radioing 
back the description of the site's surface 
being "pretty smooth—like wet clay." they 
fired their ascent engine and rendezvoused 
with astronaut Young in the CSM, Charlie 
Brown. There was nothing left to do but to 
land men on the Moon. 

On the morning of July 16, 1969, while 
astronauts Neil Armstrong. Michael Collins, 
and Buzz Aldrin were going through their 
final checklists prior to launch, Hermann 
Oberth was at the Cape to watch them go. He 
was seventy-five years old now, bent, white- 
haired, and the only one of the three great 
pioneers still alive. Tsiolkovsky had died in 
1935, Goddard ten years later. Charles 
Lindbergh was there, too, along with T. 
Claude Ryan, who had built the Spirit of St. 
Louis. Everybody "who was anybody" or "had 
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Above: A merlicril kit with surglenl 
selssers. Right: A tube of applesauce. 
Both of these (tems were carried by 
astronaut John Glenn on the 
Mercury mission of February 20, 
1962. 


Special toils designed for lunar exploration. Above, 
left to right: A contingency sampler with folding 
handle used by the astronauts to collect a swil sample 
immenintely after they stepped from the Lunor Module 
to the surface. Scongs—n combination scoop-and-teng 
tool -for obtaining small samples of snil and rocks. 

A small scoop that allowed the astronauts to pick ир 
small reks or small quantities of lunar soll, Tongs 
provided to aid the astronnuts in picking up rocks 

and seil since (t was difficult for them to bend over in 
their stiff Apollo space sults. Right: Numbered bags 

in which the astronauts collected lunar meks and 5001 
while describing the samples to Mission Control Center. 


Preceding page: Interior of the Apollo 11 Command Module. 


One of the vesicular 
basalt rocks formed 
by lunar vulcanism 
3.7 billion years 

ago that was collected 
on the Moon and 
returned to this 
planet by astronauts 
during the six lunar 
landings of the 
Apollo program. 


Chesley Bonestell. End of the World. Oil on panel, 16 1/4 x 28 1/4”. On loan from Alfred L. Weisbrich 


been anybody in the space program" was at internal. Twelve, eleven, ten, nine, ignition 


the Cape to watch the launching of Apollo 11. sequence starts. Six, five, four, three, two, one, 
zero, all engines running. LIFTOFF! We have a 


liftoff, thirty-two minutes past the hour. Liftoff 


T minus sixty seconds and counting, Fifty-five on Apollo 11. Tower cleared. 

seconds and counting. Neil Armstrong just —First on the Moon, by Neil Armstrong, 
reported back. It's been a real smooth Michael Collins, Edwin E. Aldrin, Jr., 
countdown. We have passed the fifty-second with Gene Farmer and Dora Jane Hamblin 
mark. Our transfer is complete on internal power 

with the launch vehicle at this time. Forty Michael Collins thought the first fifteen 
seconds away...all the second stage tanks are seconds “quite a rough ride”: 

now pressurized. Thirty-five seconds and 

counting. We are still go with Apollo 11. Thirty ...I suppose Saturns are like people in a way—no 
seconds and counting. Astronauts reported, feel two of them are exactly the same....lt was very 
good. T minus twenty-five seconds, guidance is busy. It was steering like crazy. It was like a 


woman driving her car down a very narrow 
alleyway. She can't decide whether she's too far 
to the left or too far to the right, but she knows 
she's one or the other. And she keeps jerking the 
wheel back and forth. Think about a nervous, 
very nervous lady. Not a drunk lady. The drunk 
lady would probably be more relaxed and do a 
much better job. So there we were just very busy, 
steering. It was all very jerky and 1 was glad when 
they called "Tower clear" because it was nice to 
know there was no structure around when this 
thing was going through its little hiccups and 
jerks. 
—First on the Moon, by Neil Armstrong, 
Michael Collins, Edwin E. Aldrin, Jr., 
with Gene Farmer and Dora Jane Hamblin 


After a four-day voyage, the Lunar 

Module Eagle and the Command Service 
Module Columbia (named, in part, after the 
Columbiad, the cannon that fireda 
manned projectile to the Moon in Jules 
Verne's 1865 classic, From the Earth to the 
Moon) entered lunar orbit, averaging sixty 
miles above its surface so that they had a 
"noticeable sensation of speed." However, 
Collins noted: 


It's not quite as exhilarating a feeling as orbiting 
the earth, but it's close. In addition, it has an 
exotic, bizarre quality due entirely to the nature 
of the surface below. The earth from orbit is a 
delight—alive, inviting, enchanting—offering 
visual variety and an emotional feeling of 
belonging "down there." Not so with this 
withered, sun-seared peach pit out my window. 
There is no comfort to it; it is too stark and 
barren; its invitation is monotonous and meant 
for geologists only. 

—Carrying the Fire, by Michael Collins 


The day before, as they had swung their 
spacecraft around to view the approaching 
Moon, Collins had sensed the Moon's hostile 
forbiddingness: "This cool, magnificent 
sphere hangs there ominously,” he later 
wrote, "a formidable presence without sound 
or motion, issuing us no invitation to invade 
its domain." Neil Armstrong had commented 
then that it was "a view worth the price of 
the trip." Collins had added, "And somewhat 
scary too, although no one says that." 

Now it is time to separate the Eagle from 
Columbia. And while Columbia with Collins 
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orbits overhead, the Eagle descends 
gradually to inspect its landing site more 
closely. On its second pass, alittle more than 
102 hours and 45 minutes after leaving Cape 
Kennedy, the following dialogue takes place. 
LMP =LunarModule(Eagle) Pilot, Buzz 
Aldrin; CDR =Commander, NeilArmstrong; 
СМР = Command Module(Columbia) Pilot, 
Michael Collins; CC =Capsule Communicator, 
at Houston. 04 06 44 45 is the elapsed time 
of the flight: 4th day, 6th hour, 44th minute, 
45th second. 


04064445 LMP 100 feet, 3% down, 9 forward. 
Five percent. 


04 06 44 54 LMP Okay. 75 feet, There's looking 
good. Down a half. 6 forward. 


04064502 CC 60 seconds 
04064504 LMP Lights on... 


04 064508 LMP Down 2%. Forward... Forward 
... Good. 


04 06 45 17 LMP 40 feet, down 2%. Kicking up 
some dust. 


04064521 LMP 30 feet, 2% down. Faint 
shadow. 


04064525 LMP 4 forward... 4 forward, Drifting 
to the right a little. Okay. Down 
a half. 

04 06 4531 СС 30 seconds. 

04 06 45 32 CDR Forward drift? 

04064533 LMP Yes. 

04 06 45 34 LMP Okay. 

04 06 45 40 LMP CONTACT LIGHT 

04 06 45 43 LMP Okay. ENGINE STOP. 

04 06 45 45 LMP ACA—out of DETENT. 

04 06 45 46 CDR Out of DETENT. 

04 06 45 47 LMP MODE CONTROL—both AUTO. 
DESCENT ENGINE COMMAND 


OVERRIDE —OFF. ENGINE 
ARM— OFF. 


The Apollo 11 Command Module Columbia,charred and flaked 
Jrom its fiery re-entry, being hoisted onto the deck of the 
aircraft carrier Hornet 950 miles southwest of Hawaii. The 
Columbia’s flotation balloons are still attached. 


Overleaf: Interior of the Apollo Command Module. 
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04064552 LMP 413isin. 
04064557 СС We copy you down, Eagle. 


04064559 СОК Houston, Tranquility Base 
here. 


04064604 CDR THE EAGLE HAS LANDED. 


04 064604 CC Roger, Tranquility. We copy you 
on the ground. You got a bunch 
of guys about to turn blue. 
We're breathing again. Thanks 
a lot. 


04 06 46 16 CDR Thank you. 


Asironauts Armstrong and Aldrin were 
busy for a while, then Armstrong called 
Houston again: 


04065516 СОК Hey. Houston, that may have 
seemed like a very long final 
phase. The auto targeting was 
taking us right into a football- 
field-sized crater with a large 
number of big boulders and 
rocks for about...one or two 
crater diameters around it, and 
it required a...in P66 and 
flying manually over the 
rockfield to find a reasonably 
good area. 


04 065549 CC Roger. We copy. It was beautiful 
from here, Tranquility. Over. 


04 06 56 02 LMP We'll get to the details of what's 
around here, but it looks like a 
collection of just about every 
variety of shape, angularity. 
granularity, about every variety 
of rock you could find. The 
colors—well, it varies pretty 
much depending on how you're 
looking relative to the zero- 
phase point. There doesn't 
appear to be too much of a 
general color at all. However, it 
looks as though some of the 
rocks and boulders, of which 
there are quite a few in the near 
area, it looks as though they're 
going to have some interesting 
colors to them. Over. 


The relief and exhilaration expressed by 


Mission Control over Eagles safe landing 
was echoed all over the world, but, almost 
immediately, tension again built in 
anticipation of Armstrong and Aldrin's first 
steps on the Moon. After six and a half 
hours of preparation and as an estimated 
600 million people throughout the world 
clustered around television sets, the hatch 
opened and slowly, very carefully Neil 
Armstrong began to climb out. The first 
thing anyone saw was Armstrong' leg: 


HOUSTON: Okay, Neil, we can see you coming 
down the ladder now. 


ARMSTRONG: Okay, 1 just checked— getting 
back up to that first step. Buzz, it's not even 
collapsed too far, but it's adequate to get back 
up...It takes a pretty good little jump...I'm at 
the foot of the ladder. The LM footpads are only 
depressed in the surface about one or two 
inches. Although the surface appears to be 
very, very fine-grained, as you get close to it. 
It's almost like a powder. Now and then, it's 
very fine... l'm going to step off the LM now... 
[I had thought about what I was going to say. 
largely because so many people had asked 
me to think about it. I thought about that a 
little on the way to the Moon, and it wasnt 
really decided until after we got onto the 
lunar surface. I guess I hadn't actually 
decided what I wanted to say until just before 
we went out... ] THAT'S ONE SMALL STEP FOR A 
MAN, ONE GIANT LEAP FOR MANKIND. * 


It was 9:56 PM in Houston, July 20, 
1969. Man was standing on the Moon. 
President Kennedy's goal of landing a man 
on the Moon before the decade was out had 
been achieved. It had required eight years. 
an expenditure of $25 billion dollars, and 
the greatest technological mobilization the 
world has known. Visitors to the Apollo to 
the Moon gallery must remind themselves 
that when, on January 31, 1958, the 
United States placed its first satellite, the 
31-pound Explorer, into orbit it was 


*When Apollo 12 flight commander Charles "Pete" 
Conrad stepped on the moon on November 19, 
1969, thereby becoming the third man to do so, 
he jubilantly paraphrased Armstrong, saying, 
“Whoopee, man, that may have been a small step 
for Neil, but that's a long one for me." 
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The first motor vehicle on the Moon wos 
Apollo 15's Lunar Roving Vehicle. which was 
driven 17.3 miles at a top speed of 7-8 

miles per hour, LRYS were also used on Apollo 
missions 16 and 17 and made (t possible for 
the astrenauts to carry heavy, bulky 
equipment and sctentific instruments to 
locations distant from thetr Lunar Modules, 


Enveloped in a cloud of blue vapor from his own Portable Life Support System 
astronaut Alan L. Bean of Apollo 12 strides across the surface ofthe Moon. 


ы 
“ыа. 


The Apollo spacesuit worn by Apollo 17% Eugene Сегпап had to withstand 
temperatures ranging from +250°F. in the sun to -250°F. in shadow. 
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Norman Rockwell. Apollo 11 Team. 1969. Oil on canvas, 28% x 66". Gift of the artist 


considered an outstanding technological 
achievement. And yet within eleven years 
the Saturn V rocket, which was capable 

of orbiting 140 tons, would carry men to 
the Moon—and back. In 1958, to put one 
pound in orbit cost half a million dollars; 
by 1968 the Saturn was orbiting a pound 
for $500. Nevertheless, as Arthur C. Clarke 
pointed out, “It is impossible to tolerate 
indefinitely a situation in which a gigantic, 
complex vehicle like a Saturn V is used for 
a single mission, and destroys itself during 
the flight. The Cunard Line would not stay 
in business for long if the Queen Elizabeth 
carried three passengers—and sank after 
her maiden voyage." 

The Apollo Program ended in December, 
1972, after twelve astronauts* had walked 
on and explored the Moon and brought 
back 843 pounds of rocks. These rocks are 
made up of the same chemicals as earth 
rocks; but the proportions are different. 
Moon rocks contain more calcium, 
aluminum, and titanium than earth rocks 
and more rare elements like hafnium and 
zirconium. Other elements with low 
melting points, such as potassium and 
sodium, are more scarce in Moon rocks. 
The chemical composition of the Moon is 
different in different places: the light- 
colored highlands are rich in calcium and 
aluminum; the dark-colored maria contain 
less of those elements and more titanium, 
iron, and magnesium. 

The inside of the Moon is not uniform; it 
is divided into layers. There is an outer 
crust probably composed of calcium and 
aluminum-rich rocks to a depth of about 
37 miles. Beneath this crust is the mantle, 
a thick layer of denser rocks extending 
down to more than 500 miles. The deep 


"The crews of the Moon landing missions were as 
follows: Apollo 11—Armstrong, Collins, Aldrin; 
Apollo 12— Conrad, Gordon, Bean; Apollo 14— 


Shepard, Roosa, Mitchell; Apollo 15—Scott, Worden, 


Irwin: Apollo 16—Young, Mattingly, Duke; Apollo 
17—Cernan, Evans, Schmitt. (In each case, the 
second astronaut listed was the Command Module 
pilot, who did not walk on the Moon.) 
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interior is still unknown. The Moon does 
not have a magnetic field like theEarth's 
and yet magnetism has been discovered in 
many of the older Moon rocks that were 
brought back. Perhaps the Moon had an 
ancient magnetic field which disappeared 
after the old rocks were formed. 

If, after viewing Alan Shepard's Freedom 
7 Mercury spacecraft, Frank Borman's and 
James Lovell, Jr.'s Gemini 7, the Lunar 
Roving Vehicle (three of these vehicles, 
used by the crews of Apollo 15, 16, and 17 
are still on the Moon; the Museum's 
specimen was used in tests), the huge 
Saturn F-1 engine, the tools used by the 
astronauts, the Apollo Command Module 
from Skylab 4 (which ferried astronauts 
Gibson, Carr, and Pogue up to the Skylab 
for the last and longest, at 84 days, 
mission), and the various rocks and 
artifacts from the Moon, the visitor to the 
gallery is cynical enough to wonder whether 
all those billions of dollars spent were 
worth it, it would be nice for him to 
consider this editorial from the London 
Economist two days after Apollo 11 had 
safely returned to earth: 


And as the excitement dies and familiarity 
sets in, the voices that say the money could be 
better spent on ending wars and poverty on 
earth must gain converts. 

But this argument overlooks the factor in 
human make-up that sets us apart from the 
apes. When man first became a tool-maker, he 
ceased to be a monkey. The human race's way 
of sublimating its highest aspirations has been 
to build the greatest and grandest artifact that 
the technology of the time can achieve. 
Through the pyramids, the parthenons and the 
temples, built as they were on blood and bones, 
to the be-spired cathedrals conceived and 
constructed in ages of great poverty, the line 
runs unbroken to the launch pad of Apollo 11. 
Oddly—or perhaps not so oddly—the 
churchmen with their unstinting praise of the 
astronauts have recognized this where the 
liberally educated rationalists with their bored 
carping, and their ill-bred little jokes, have not. 
Spiralling to the planets expresses something 
in human nature that relieving poverty, 
however a noble cause that is, does not. And to 
the planets, sooner rather than later, man is 
now certain to go. 


Space Hall 


Visitors enter the Skylab Orbital Workshop from the balcony overlooking Space Hall. 


Skylab 


The Space Hall is the third of the three 

huge exhibit halls facing the Mall (the other 
two being Milestones of Flight and the Hall 
of Air Transportation), and among its guided 
missiles, space launch vehicles, Skylab, the 
Apollo-Soyuz test project, Space Shuttle, and 
space missions of the future—exhibits 
which span the developments made in space 
flight from World War Il through a 
hypothetical lunar base—are some of the 
largest artifacts in the Museum. 

After World War Il ended in 1945, Germany 
was between five and seven years ahead of all 
the other countries in rocket development— 
although it had not always been that way. 
When Dr. Wernher von Braun examined 
American rocket pioneer Robert H. 
Goddard's patents after the war, he had said, 
“Goddard was ahead of us all.” Von Braun 
meant Goddard had been ahead until 1936, 
though even by then Colonel Walter 
Dornberger and Von Braun's team of 
engineers working for the German Army 
Weapons Department had already begun 
development of an engine for the A-4, a large 
rocket-propelled projectile, later designated 
the V-2. But while Robert Goddard and his 
crew of welders, instrument makers, and 
machinists (a team which never numbered 
more than seven persons, including 
Goddard and his wife Esther, who served as 
official photographer and volunteer fireman) 
conducted their liquid-propelled rocket 
experiments—a labor made possible by a 
$50,000 two-year Guggenheim grant—the 
Von Braun organization, numbering some 
10,000, their research backed by millions 
of Deutschmarks funded by the German 
army and air force, worked at expressly 
constructed test facilities at Peenemünde, 
Germany. As Frederick C. Durant III, 
NASM's Assistant Director of Astronautics 
and one of the foremost authorities on 
Robert H. Goddard, explains, "That is why 
the Germans were literally years ahead of 
the Allies in 1945 in all areas of rocket and 
missile development. The V-2 represented 


a quantum jump. a new plateau of 
technological capability in rocket and missile 
propulsion, guidance, aerodynamics, 
instrumentation, etc." 

Components for nearly 100 captured V-2s 
were shipped to the White Sands Proving 
Grounds in New Mexico after the war and 
were used for training American personnel 
in the handling and launch operations of 
large rockets, as well as for lofting high- 
altitude, scientific data-gathering instru- 
mentation. In 1946, sixteen V-2 flights were 
made, four of them to altitudes over 100 
miles. It was to be months before the first 
American Aerobee and years before the first 
Viking sounding rockets were flown, and still 
longer before such altitudes were reached. 

Whereas in the Satellite and Apollo to the 
Moon galleries the emphasis is primarily on 
payloads, here in the Space Hall's guided 
missile and space launch vehicle exhibit the 
focus is on the rockets that placed those 
payloads where they were supposed to go. 
The 46-foot-tall V-2, the world's first long- 
range ballistic missile, was seminal to all the 
large post-war launch vehicles designed to 
deliver intercontinental ballistic missile 
warheads and to place satellites in orbit, 
which led to men landing on the Moon and 
which send unmanned spacecraft to the 
outer planets. (Suspended above the V-2 are 
a number of rare German ground-to-air, 
air-to-air, and ground-to- ground missiles, 
among them the infamous V-1, known to 
wartime Londoners as the "Buzz Bomb. ") 
The modern strategic missile systems that 
form the backbone of our national defense 
also made possible our entry into space. 
Nowhere is this lineage more evident than 
with the Jupiter-C rocket that stands in the 
pit near the V-2. The Jupiter-C, which 
launched America's first satellite, Explorer 1, 
on January 31, 1958, is nothing more than a 
modified Redstone Ballistic Missile, a 
500-mile-range rocket developed for the 
United States Army in the early 1950s by 
Dr. Wernher von Braun and his team, 
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Skylab is exhibited minus one of its stubby 
solar wings—the actual vehicle lost one 
of its solar wings during a launch mishap. 


Preceding pages: A view from inside the Orbital 
Workshop's lower deck toward the wardroom, the 
Skylab astronauts' favorite spot. 


many of whom had worked on the V-2. 

The 68-foot-tall Jupiter-C shares the pit 
with a 70.8-foot-tall Vanguard (which 
launched our second satellite), a 73.8- 
foot NASA Scout (the only all-solid-propellant 
satellite launch vehicle), and a 60.4-foot 
United States Air Force Minuteman 3, a 
contemporary 1CBM and one of our major 
strategic defense missiles. A Poseidon C-3, 
the two-stage United States Navy Fleet 
Ballistic Missile that is designed to be 
launched underwater from nuclear subma- 
rines, is displayed horizontally nearby. 

It may help the Museum visitor to grasp the 
enormous size of an actual Saturn V launch 
vehicle by looking at the 48-foot-long, 80,000- 
pound Skylab Orbital Workshop and its 17- 
foot-long, 45,000-pound Multiple Docking 
Adapter and Airlock Module that dominate 
the Space Hall. The entire Skylab cluster 
consisted of four parts: the Orbital Workshop 
(ows), the Airlock Module (AM), the Apollo 
Telescope Mount (ATM), and the Multiple 
Docking Adapter (MDA) In orbit the Skylab 
cluster was 118.1 feet long and weighed 
199,750 pounds. The Saturn V rocket that 
launched these huge devices into orbit stood 
364 feet tall—as high as a 36-story building, 
three-fifths the height of the Washington 
Monument, and more than half as long as the 
National Air and Space Museum itself. 

When the scheduled number of lunar 
landings was reduced, the Saturn V and IB 
launch vehicles no longer needed for Apollo 
were utilized by Skylab. 

Skylab was a space station“ launched into 


*It can be argued that Skylab was not, strictly 
speaking, a "space station," which is usually defined 
as a structure that can be indefinitely resupplied with 
consumable items. Skylab could be resupplied with 
some items, but there were no fittings to enable the 
station to be resupplied with nitrogen, oxygen, or 
water, and, after its effective life, it would necessarily 
have to be abandoned. 
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Earth orbit on May 14, 1973, and manned on 
three different occasions by three-man 
Skylab astronaut teams. The first Skylab 
crew, consisting of Charles Conrad, Jr, 
Joseph P. Kerwin, and Paul J. Weitz, were 

in space from May 25 through June 

22, 1973, a period of 28 days. The second 
crew, Alan L. Bean, Owen K. Garriott, 

and Jack R. Lousma, was launched a month 
later, on July 28 and spent 59 days, until 
September 25th, aboard the space station. 
The third crew, Gerald P. Carr, Edward G. 
Gibson, and William R. Pogue, arrived on 
November 16, 1973: 


On that day, the space station— gold, white, and 
silver—was hard to make out against the 
swirling white clouds of the earth 269 miles 
below. Skylab resembled a huge, squat helicopter 
with a tower overhead surmounted by what 
looked like a big four-bladed rotor, but which 
was in fact an array of solar panels for generating 
electricity. It was somewhat battered now. After 
six months in space, the white paint had 
browned slightly, and some of the gold had 
baked and blackened. it was minus one pair of 
stubby, winglike solar panels that had broken off 
shortly after it was launched from Cape Kennedy 
[оп May 14, 1973]; inthe mishap, insulation 
protecting it from the sun had been shredded 
from its surface. The first crew [which had 
arrived twelve days later, on May 26, 1973] had 
erected a protected parasol over the space 
station; and the second crew [which had arrived 
on July 28] had spread a huge awning over that. 
Consequently, with its awning and its parasol, 
its pinwheel of solar panels overhead and its 
single remaining wing, Skylab looked less now 
like a space station than like Uncle Wiggily's 
airship. 

—A House in Space, by Henry S.F. Cooper, Jr. 


In some ways Skylab was a far more 
ambitious and critically important program 
than Apollo to the Moon despite the "poor 
cousin" impression one might gather from 
its having been knocked together out of 
surplus Apollo parts. But if Skylab was not 
as dramatic a program as sending men to 
the Moon, it had a wholly different character 
and intent. Just as Gemini 7's fourteen-day 
flight had proven men could endure the 
prolonged weightless state required by a trip 


From top to bottom: Apollo 
Command and Service 
Module; the Apollo Telescope 
Mount with its Solar 
Telescope mounted on top of 
the Multiple Docking Adapter 
which contained the Solar 
Console; the Airlock Module; 
and the large Orbital 
Workshop. The entire Skylab 
cluster with the Comman d 
Module attached had the 
volume of a three-bedroom 
house, was as tall as a 
twelve-story building, and 
weighed almost 200,000 
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Skylab's Multiple Docking Adapter 
and Airlock Module. 
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rection, they moved back in the other. They 
эша not have experienced these phenomena as 
eadily in the smaller craft used by earlier 
istronauts; by its size, Skylab added a 
dimension to weightlessness. The astronants, 
and everything they handled, moved as though 
they were underwater, in a sort of dreamlike, 
disembodied way—or as though they were in a 
magical place. They were, of course, if by magic 
is meant a suspension of naturallaws familiar on 
earth. For two billion years, life on this planet has 
been conditioned by those laws, and all evolution 
has been determined by them. In gravity, where 
everything has weight, skeletons are needed for 
rigidity and leverage, muscles are needed for any 
sustained motion, anda circulatory system is 
required to pump blood against gravity. Arms, 
legs, fins, and cilia have all been developed for 
locomotion in gravity. Now, in weightlessness, 
all the effects of gravity vanished, and with them 
many of the reasons men are the way they are. 
Before Skylab, nobody had known much about 
the long-term effects of weightlessness on man, 
andit was the purpose of the project to find out 
what they are—together with assessing what 
sort of useful work man might do in space, and 
how he might comfortably live in his new 
environment. 
—A House in Space, by Henry S.F. Cooper, Jr. 


Several disturbing symptoms had arisen 
in astronauts who had spent any extended 
period of time weightless in space. When 
Frank Borman and Jim Lovell returned from 
their two-week orbital flight aboard Gemini 
7. flight surgeons detected a loss of muscle 
tissue (which led to diminished physical 
strength), aloss of calcium from their bones 
(diminished strength), and a sizable loss in 
the amount of bodily fluids, including blood 
which now contained fewer red cells. The 
astronauts' cardiovascular systems (heart 
and blood vessels) had weakened, and their 
body fluids had been redistributed to their 
upper from their lower parts. There was no 
way for the doctors to know whether these 
adverse changes in the astronauts' bodies 
were indications of unalterable courses— 
that the longer an astronaut was 
weightless, the worse his conditicn 
became—or whether these adverse changes 
progressed to a certain point and then 
ceased, or whether the body eventually 
compensated for the lack of gravity and 


About Skylab's bathroom, which had a sheet metal floor instead of the тоге 
easily gripped triangular gridwork, one astronaut complained, "You just 
ricochet off the wall like a BB in a tin can." 


Freceding pages: In thts 
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began to restore the muscle tissue, calcium, 
red corpuscles, and so on, it had lost. What 
was known so far was only that the more 
time an astronaut spent in space, the poorer 
the condition he seemed to be in upon his 
return. NASA flight surgeons were also aware 
that in 1970 two Soviet cosmonauts had 
been so weakened after spending eighteen 
days in orbit that they had to be carried from 
their spacecraft on stretchers upon landing. 
Even more ominous was the mystery 
surrounding the three other Soviet 
cosmonauts who had spent twenty-five days 
in space in 1971—longer than any other 
men. All three of the cosmonauts had died 
upon returning to Earth, as a result 

of a vent valve having popped open. 

Despite this, Skylab's first crew was 
scheduled to exceed by three days the dead 
cosmonauts' record duration flight. 

The Skylab crews variously described their 
space station as "the cluster" or "the can"— 
what it was, actually, was a cluster of 
cans. The biggest "can," Skylab's Orbital 
Workshop (OWS), is on display in the Space 
Hall. It is a back-up vehicle for the one that 
was orbited. The Ows, with its huge single 
solar wing protruding from it like a giant 
sail, can be reached from the balcony 
overlooking the Space Hall. The visitor 
enters the lower level of the two-deck 
workshop, which contains the crew 
quarters, food preparation and dining area, 
washroom, and waste processing and 
disposal facilities. The upper portion 
contains a large work-activity area, water- 
storage tanks, food freezers, the film vault, 
and experimental equipment. The upper and 
lower decks were divided by an open-grid 
partition. The astronauts tended to prefer 
the lower deck since it contained the most 
domestic-seeming rooms, The wardroom, 
situated here, was the astronauts' 
favorite place, because it contained Skylab's 
only large window. 


... When the astronauts were [at the big 
wardroom window]the earth appeared dynamic 
andalive. It was the view from [there]that 
convinced all nine Skylab astronauts that the 
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earth had to be observed directly, as any living 
object should be, with all the flexibility and 
intelligence that a man could provide....Part of 
the earth was always framed now in the round 
window, as though the astronauts were looking 
through the aperture of a microscope at a living 
tissue—all greens, blues, yellows, and browns. "1 
gained a whole new feeling for the world,” Gibson 
[Edward G. Gibson, Third Skylab crew science 
pilot]told a visitor after he came back. “it's God's 
creation put before us, and whether you are 
looking at a bit of it through a microscope, or 
most of it from space, you still have to see it to 
appreciate it.” Like the sun, the earth was an 
ever-changing kaleidoscope. [WilliamR. ] Pogue 
[Third Skylab crew pilot] said when he was back in 
Houston, “Every pass was different. It was never 
the same orbit to orbit. The clouds were always 
different, the light was different. The earth was 
dynamic; snow would fall, rain would fall—you 
could never depend on freezing any image in 
your mind.” 

The most direct view of all was from outside 
the space station, where an astronaut felt there 
was nothing between him and what he was 
looking at—as though he had siipped down the 
barrel of the microscope and was walking about 
the slide, magnifying glass in hand. "Boy, if this 
isn't the great outdoors!” Gibson said the first 
time he went out. “Inside, you're just looking out 
through a window. Here, you're right in it.” And 
{Jack R.] Lousma [Second Skylab crew pilot] 
had said after his return, ”... When you're inside 
looking out the window... it’s like being 
inside a train; you can’t get your head around 
that flat pane of glass. But if you stand outdoors, 
on the workshop, it's like being on the front end 
of a locomotive as it’s going down the track! But 
there's no noise, no vibration; everything's silent 
and motionless; there are no vibrations going 
through your feet, no wires moving, nothing 
flapping.” Skylab was moving down the track so 
fast that Lousma had actually seen the earth roll 
slowly beneath him; it was so big, though, that 
he could barely make out its curvature unless he 
was looking at the horizon. 

... All the astronauts who went up [the 
scaffolding of the telescope tower to what the 
astronauts called the sun end]agreed that the 
sun end was the most exhilarating place aboard 
Skylab. "To be on the end of the telescope 
mount, hanging by your feet as you plunge into 
darkness, when you can't see your hands in front 
of your face—you see nothing but flashing 
thunderstorms and stars—that's one of the 
minutes I'd like to recapture and remember 
forever," Lousma had said afterward. It was a 


The Skylab 4 Apollo 
Command Module in which 
Skylab's third crew, Gerald P. 
Carr, Edward G. Gibson, 
and William R. Pogue, 
returned after spending 84 
days in space from November 
16, 1973, to February 8, 1974. 
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During re-entry Skylab 45 
exterior was subjected to 
temperatures of 2800'C. 
(5000*F). To protect it, the 
Command Module was 
covered with a 3,000-pound 
ablative heat shield 
composed of a phenolic epoxy 
resin in a Fiberglas 
honeycomb structure. The 
heat was carried away 
from the spacecraft as the 
heat shield charred and 
vaporized in friction with the 
earth's atmosphere. 


little unnerving, too. When Pogue went up, he 
had the uneasy feeling that comes with being in 
the crow's nest of a ship. The telescope tower 
didn't sway like a ship's mast; it was just that an 
astronaut up there was far enough away from 
any large structure that he no longer felt part of 
the space station. 

—A House in Space, by Henry S.F. Cooper. Jr. 


At the forward end of the Skylab Orbital 
Workshop was a shorter, narrower "can" 
approximately the size of an Apollo 
spacecraft; this was the Airlock Module (AM). 
Because of the size of the Skylab "cluster of 
cans," the Airlock Module is displayed in the 
Space Hall horizontally next to the Orbital 
Workshop. In its orbit configuration, the AM 
rests atop the OWS, and further above the AM 
came the Multiple Docking Adapter, at the 
end of which the Apollo spacecraft ferrying 
up the crews would dock. 

The Airlock Module (the back-up module 
for the one used) can be viewed by the visitor 
from all sides. The AM made it possible for 
Skylab astronauts to go outside the OWS 
without dispersing the Skylab's interior 


atmosphere into space. The astronaut would 
put on his space suit, enter the AM, and close 
the hatch connecting the module to the OWS. 
He would then vent the Airlock Module's 
atmosphere and, when pressure in the 
airlock reached zero, he could open the 
hatch and float out into space, as the 
mannequin in this exhibit appears to be 
doing. The Airlock Module contained the 
control panels for the atmosphere and 
temperature for the entire Skylab; it also 
distributed electrical power throughout 

the Skylab cluster and supported 
communications and data handling. The 
importance of the AM was proven with the 
first Skylab crew, who had to carry out vital 
emergency repairs on the exterior of the 
Skylab after one of the huge solar wings and 
insulation had been lost during the launch. 
The Skylab astronauts regularly emerged 
from their spacecraft to replace or adjust 
equipment, change film, or carry out other 
extra vehicular activities. 

The Multiple Docking Adapter (MDA) 
provided docking facilities for the Apollo 
Command and Service Modules (CSM) 
carrying the threc-astronaut crews. In 
addition to the docking hatch at the end, a 
side docking hatch was provided in case of 
emergency so that two CSMs could dock 
simultaneously. The design of the Multiple 
Docking Adapter infuriated the third crew's 
Pogue: in fact, of the nine astronauts, only 
Gibson actually liked to be in the MDA. 
Because the MDA was a long tunnel with 
consoles, instruments, and boxes radiating 
from its cylindrical walls, there was no clear 
vertical and the astronauts had a hard time 
orienting themselves inside it. Pogue 
exploded, “Well. all I gotta say is, if you want 
a very good example of how not to design and 
arrange a compartment, the docking adapter 
is the best example. Boy, it's so lousy. I don't 
even want to talk about it until I get back 
down to the ground, because every time | 
think about how stupid the layout is in 
there, I get all upset!" Gibson's attraction for 
the MDA was that it was where the solar 
console was. After receiving his doctorate in 
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physics from Cal Tech and writing a book 
about the sun, Gibson had become an 
astronaut because he knew that that was the 
only way he would see the sun from above 
theEarth's atmosphere. Sun watching was 
one of the astronauts' favorite pastimes. 
And the Apollo Telescope Mount's eight 
astronomical instruments, which were 
designed to observe the sun over a wide 
spectrum from visible light to X-rays, fed 
their images to the control and display 
console in the Multiple Docking Adapter. 

All three Skylab missions were highly 
successful. The astronauts' tasks—to observe 
the Earth, using a variety of techniques 
designed to further knowledge of natural 
resources and the Earth's environment; 
to observe thé Sun for increased 
understanding of solar processes and 
influences on Earth's environment; to 
conduct experiments in processing 
materials under the unique conditions of 
weightlessness and the vacuum of space— 
were carried out with such gratifying results 
that the data and photographs obtained will 
be under analysis for years. 

Most important, however, was the 
successful experiment conducted by and on 
the astronauts themselves, for they proved 
that man: 

...is a more adaptable creature and space a 

more suitable home for him than anyone had 

previously expected. 

The chief worry, though, was one trend that 
had not stabilized in space at all: the slow, steady. 
loss of calcium from the astronauts' bones, 
which had gotten progressively worse the longer 
they had been weightless. This was the only area 
in which the two later crews were worse off than 
the first, and it was the trend that took the 
longest to right itself after their return. 

After the astronauts' bone calcium had 
returned to normal, there was no way a flight 
surgeon could tell by any clinical test that any of 
them had ever been in space. Yet as much as six 
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or eight weeks after their return, the astronauts’ 
wives reported, they stumbled at night in the 
dark, evidently requiring a visual clue to the 
room's vertical even though their sense of 
balance had completely returned to normal. And 
for along time afterward some of the astronauts 
kept trying to float things around them as they 
had done in the space station. One morning 
when he was shaving, Lousma tried to leave his 
can of shaving cream hovering in midair. It 
crashed to the floor. 

—A House in Space, by Henry S. F. Cooper, Jr. 


The third and last Skylab crew departed 
from it on February 8, 1974, after occupying 
it for 84 days. Astronauts Carr, Gibson, and 
Pogue; Bean, Garriott, and Lousma; and 
Conrad, Kerwin, and Weitz had lived inside 
the space station for a total of 171 days, 
orbited the Earth 2,476 times, and traveled 
some 70,500,000 miles. As their Apollo 
Command Module, Skylab 4, undocked and 
pulled away from Skylab abandoningit for- 
ever, Gibson radioed, "It's been a good home.’ 

According to NASA spokesmen at the time 
of this writing, the 118.1-foot long, 199,750- 
pound Skylab cluster is expected to fall 
back to Earth sometime between May and 
September of 1979, probably in late June 
or July. There is not much they can do about 
it—except hope that it falls in the ocean. 
Since its orbit is 75 percent over water, NASA 
is optimistic that it has a three-out-of-four 
chance that none of Skylab will fall on land. 
Nevertheless, even if hundreds of pieces do 
burn up in the heat of re-entry, hundreds 
of pieces will also survive to impact in a 
"footprint" some 4,000 miles long and 100 
miles wide, and a few of those pieces will be 
fairly large: the 2 %-ton fixed-airlock shroud 
from the forward end of the Airlock Module, 
for example, and the 4,000-pound lead-lined 
film vault located in the upper level ofthe 
Skylab Orbital Workshop. And then, of 
course, there are the oxygen tanks.... 


Apollo-Soyuz Test Project 


On July 17, 1975, a few minutes after noon 
in Washington, D.C., and seven PM in 
Moscow, a 32-foot long silver Apollo 
Command and Service Module with an 
especially constructed ten-foot long Docking 
Module at its nose nudged gently closer to 
the smaller, pale-green Soviet Soyuz-19 space- 
craft drifting in orbit 140 miles above the 
west coast of Portugal over the Atlantic. The 
Soyuz had been launched two days earlier 
from Tyuratam about 2,000 miles southeast 
of the Soviet capital at 3:20 PM Moscow time 
with cosmonauts Aleksey A. Leonov and 
Valeriy N. Kubasov inside. About seven-and- 
a-half hours later, at 3:50 PM Washington 
time (EDT), a Saturn 1B carrying the Apollo 
Command and Service Module plus Docking 
Module and with astronauts Thomas P. 
Stafford, Donald K. ("Deke") Slayton, and 
Vance D. Brand aboard had thundered aloft 
from Cape Kennedy, in Florida. 

"Less than five meters distance," Apollo 
commander Stafford announced now in 
Russian. Although he was speaking to the 
Soviet cosmonauts inside their spacecraft, 
observers around the world could listen in 
and watch on their television screens as the 
Apollo made its slow and delicate approach. 
Against the black background of space, were 
it not for the Russian spacecraft's extended 
solar panels, * the Soyuz appeared like a flying 
eggcup. "... Three meters," Stafford said in 


*The top of the Soyuz "eggcup" was the Orbital Module; 


8.7 feet long and 9 feet at its widest, the Orbital 
Module was used by the crew for work and rest. The 
7.2-foot long inverted cup-shaped Descent Module. 
which came next, contained the main controls and 
couches used by the crew during launch, descent. and 
landing. The final section, the 7.5-foot long 
Instrument Module, held the subsystems for power, 
communications, propulsion, and other functions. 
The 28-foot long solar panels extended from this 
module and were used to convert sunshine to 
electricity to recharge the Soyuz spacecraft's batteries. 
The Apollo's electrical systems were powered by fuel 
cells which generated electricity by chemical means. 


Russian, "...one meter...." The two 
spacecrafts' reciprocal docking mechanisms 
touched. "Contact!" 

"Capture!" a cosmonaut said in English. 

The docking latches on the Apollo and 
Soyuz automatically began to hook and 
close; the flower petal-like guide plates in 
each spacecraft intertwined, clasped like 
fingers. 

"We also have capture," confirmed 
Stafford, his Russian colored by an 
Oklahoma twang. 

Cosmonaut Leonov added, "Soyuz and 
Apollo are shaking hands now." The two 
spacecraft were locked together as one while 
Western Europe slid beneath them. 

"Close active hooks," Stafford ordered, 
"Docking is completed." Then, in English for 
the benefit of the Apollo ground controllers 
at the Johnson Space Center, Stafford 
repeated, "Docking is completed. Houston." 

From within the Soyuz, Houston could 
hear a cosmonaut's accented English, "Well 
done, Tom. lt was a good show. We're looking 
forward to shaking hands with you aboard 
Soyuz." 

The successful linkup of the two space 
rivals' workhorse spacecraft, the Apollo and 
the Soyuz, high above Earth, was the direct 
result of an accord reached more than three 
years earlier when, on May 24, 1972, then- 
President Richard M. Nixon and Aleksey 
Kosygin, Chairman of theUSSR Council of 
Ministers, signed an agreement in Moscow 
"concerning cooperation in the exploration 
and use of outer space for peaceful 
purposes." This agreement establishing the 
Apollo-Soyuz Test Project that was designed 
to develop and fly a standardized docking 
system "to enhance the safety of manned 
flight in space and to provide the 
opportunity for conducting joint missions in 
space," was the result of meetings and 
discussions already carried out by 
representatives of the two nations for several 
years. There had then followed three years of 
intense training, and the setting up of an 
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elaborate communications network to make 
it possible for Houston and Kaliningrad 
controllers to be in constant touch with their 
spacecraft and each other. Engineers in this 
country and the Soviet Union designed and 
built the necessary docking hardware which 
would enable the two incompatible 
spacecraft with different atmospheric 
pressures to become one. The astronauts 
and the cosmonauts, engineers and 
technicians and interpreters from both sides 
spent hundreds of hours in joint training 
and in attempts to learn each other's 
language. Two-fifths-size scale models of the 
docking systems developed by both nations 
were constructed on wheeled tables and 
pushed together to see if they joined. They 
did. And the compatible docking systems 
now made possible a variety of projects 
involving manned spacecraft from the Soviet 
Union and the United States such as 
internationally manned space stations, in 
addition to showing that an international 
rescue operation could be carried out should 
one nation have a stranded spacecraft in 
orbit and no rescue vessel from its own 
country ready to belaunched to bring down 
an imperiled crew. 

About three hours after the orbiting Soyuz 
and Apollo had docked, persons gathered at 
Apollo Control in Houston and Soyuz Control 
at Kaliningrad watched their television 
monitors. On their screens the pipelike 
interior of the Docking Module ended in the 
still-closed hatch connecting the two 
spacecraft. Two American astronauts, the 
shoulders of their brown-gold space 
"fatigues" occasionally crowding into the 
screen, were continuing down their 
checklist: 


"Soyuz, our step 23 is completed," called one of 
the astronauts into the intercom. He was 
informing the two-man crew in the adjoining 
Soyuz of his progress. “We are now working on 
step 24." He spoke in Russian. 

"We're through with that, too," said the second 
astronaut. "Right here 25. Let me get the light 
on....Camera. Yep, we're right on schedule. 
Okay there." 


The dialogue by the Americans came through 
loud and clear at Houston. In numerous training 
sessions the American and Russian ground 
personnel had become thoroughly acquainted 
with the steps involved in opening the 
passageway from one spacecraft into another. 

"Okay to unlock?" 

"The camera is running," interjected the 
unseen third U.S. crew member who was in the 
Apollo Command Module. 

"Right on schedule," repeated the first 
astronaut, glancing at his wristwatch. 

“Hatch opening.” shouted the second 
astronaut. 

Thus at 2:17 PM Houston Time (3:17 PM 
Washington Time), 10:17 PM Moscow Time, 
hatch number 3 swung open removing the last 
barrier between a U.S. and U.S.S.R. spacecraft. 
The U.S. TV camera that had been aiming at the 
hatch was now looking straight through the 
cylindrical passageway into the Soviet Soyuz. 
There the TV picture first showed some tangled, 
spaghetti-like communications cables. 

"Looks like they've got a few snakes in there 
too," said the first American who had just 
disengaged himself from strands of unruly cable 
floating weightlessly in the Docking Module. 

Then the TV screen showed movement at the 
far end of the passageway and the face and body 
of the Soyuz crew commander appeared. He was 
dressed in a flight garment similar to the 
garments worn by the Americans. He stretched 
his arm forward through the passageway where 
his hand was clasped by the American crew 
commander. 

"Glad to see you," said the Russian in English 
with only a trace of an accent. 

Thus two veteran space explorers—U.S. Air 
Force Brigadier General Thomas P. Stafford, an 
astronaut since 1962* and Soviet Air Force 
Colonel Aleksey A. Leonov, a cosmonaut since 
1960** —met in Earth orbit. 

As Leonov and Stafford held on to each other 
momentarily, their arms and hands formed a 
symbolic bridge between their nations. At last, 
the two nations in the endeavor—the only ones 


*Prior to Apollo-Soyuz, Stafford had made three 
flights in space: his first had been in Gemini 6, 
December 15—16, 1965; then Gemini 9, June 3—6, 
1966; his third flight, aboard Apollo 10, was the dress 
rehearsal for a lunar landing with the lunar module 
dropping down to nine miles from the moon. 


**During Voshkod 2's 17-orbit flight on March 18, 
1965, Leonov had made the world's first "space walk." 
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so far to have flown men in space*—were 
working together rather than separately as they 
had through most of the period since the space 
age opened nearly 18 years earlier. 

—Apollo Soyuz. by Walter Froehlich 


For the next two days the crews of the 
Apollo and Soyuz shared meals, exchanged 
gifts and mementoes, conducted scientific 
experiments, but most of all provided the 
world with a vivid demonstration of detente 
on the way to achieving a series of "firsts": in 
addition to conducting the first space flight 
and docking of spacecraft and crews of 
different nations, Apollo-Soyuz detected the 
first pulsar outside our own galaxy, and the 
first stars emitting extreme-ultraviolet 
radiation (one of which is the hottest "white 
dwarf" known); the first separation of live 
biologic materials in space by electro- 
phoresis was achieved: and for the first time 
communications between a manned orbiting 
spacecraft and ground controllers was 
carried out via an orbiting unmanned 
communications satellite. 

Although among the millions of viewers 
in many different parts of the world who 
watched the live telecasts there were 
doubtless many who shrugged the Apollo- 
Soyuz project off as "nothing but a glittering 
soap bubble"—as did the West Berlin 
newspaper Spandauer Volksblatt, or 
regretted, like the Copenhagen Jyllands- 
Posten, the joint project's 450-million-dollar 
cost which prompted "reflection on how 
much the world's two biggest superpowers 
could achieve if they agreed to mobilize their 
strength and technology in joint service of 
more close-to-earth causes," — no one would 
disagree with the London Sun's perception 
that "It was the world's most expensive 
handshake, but it will not have cost a dollar 


*Even as Soyuz and Apollo met, two Soviet 
cosmonauts were aboard a Soviet Salyut space 
station. Salyut 6, a space station launched in 
September, 1977, has now been visited by 
cosmonauts from Czechoslovakia (Vladimir Remek, 
March, 1978), Poland (Miroslaw Hermaszewki, 
July, 1978). and East Germany (Sigmund Jahn, 
August, 1978). 


or ruble too much if it is a handclasp for 
peace." 

At the very least, the Apollo-Soyuz Test 
Project was a dramatic demonstration on the 
part of both the United States and the Soviet 
Union ofa willingness to relax tension. 
Perhaps when spacecraft in the future 
establish the first extra-terrestrial colony, 
when international laboratories are orbited, 
when colonization of space occurs, Apollo- 
Soyuz will be remembered as a footnote: the 
first truly international manned space 
venture. As NASA's director for Apollo-Soyuz, 
Chester M.Lee said at the time,"Space is going 
to be explored. It's man's inherent nature to 
do that, and we might as well do it together." 

The Apollo-Soyuz flight was the last Apollo 
launch and the last American manned space 
flight using a disposable spacecraft and 
launch vehicle. 


Е... since 1957 when the Space Age began, 
space transportation has depended upon 
launch vehicles that are used just once and 
discarded. Arthur C. Clarke compared the 
economic sense made by this policy to the 
owners of the Cunard Line building the 
Queen Elizabeth, sending it across the 
Atlantic with three passengers, and then, 
after they disembarked, willingly sinking the 
ship. The concept of a fully recoverable space 
transportation vehicle of one or two stages 
has obviously therefore been under study for 
years. 

During the mid- and late-1960s the "lifting 
body" or wingless aircraft concept was one of 
several approaches taken toward solving the 
problems of aerodynamic heating and 
vehicle control during reentry from Earth 
orbit — problems of critical importance in the 
success of the Space Shuttle of the 1980s, 
which will have to operate through a wide 
range of speeds. The blunt-nosed, wingless 
M2-F3 Lifting Body suspended in the Space 
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The М2-ЕЗ “Lifting Body” was designed to 
test flight behavior of wingless craft over a 
wide range of speeds. The M2-F3 achieved 

its aerodynamic lift from the shape of its body. 
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The Space Shuttle, scheduled to start 
operation in 1980, is a reusable space 
transport designed to replace all the current 
U.S. launch vehicles (except the NASA Scout) 
and will be able to carry 65,000 pounds in its 
60 x 15-foot cargo bay. 


x 
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Counterpoint, the Lunar Base concept 
model af a fully independent шпег 
colony for about 200 inhabitants. 


Hall and shown in this chapter derived its lift 
from its fuselage. Although removing the 
wings reduced the weight of a craft, it added 
significant problems of control and stability. 
The May 10, 1967, crash of an M2-F2 test 
vehicle forerunner of the M2-F3 was partly 
due to control instability later cured by the 
addition on the M2-F3 of a central fin. 

(This crash can be seen weekly behind the 
introduction and credits of the popular 
television series, The Six Million Dollar 
Man; unlike the bionic TV character, 
however, the actual test pilot suffered the loss 
of one eye.) The M2 test program proved 

that a wingless craft could operate through 
subsonic, transonic, and supersonic speeds, 
and that a shuttle vehicle could make 
unpowered approaches and landings, paving 
the way for the Space Shuttle design. 

The Space Shuttle, scheduled to start 
operation in 1980, begins a whole new 
generation of space vehicles. The pioneering 
era of United States manned space flight 
using expendable launch vehicles ended 
with the Skylab and Apollo-Soyuz Test 
Project. The Space Shuttle is designed 
as a reusable space transportation 
system to replace all current U.S. launch 
vehicles—except for NASA's solid-propellant 
Scout. Because of the expense of expendable 
launch vehicles, the average cost of placing 
an item in orbit has been about $1,000 per 
pound. The Skylab cluster weighed about 
200,000 pounds; add three zeroes and a 
dollar sign to its weight and one can see why 
a reusable Space Shuttle would substantially 
reduce operational costs. A Space Shuttle 
could be used to service or retrieve disabled 
satellites or deliver specialists or scientists to 
orbiting stations; in addition to its three crew 
members and up to four payload specialists, 
the Space Shuttle will be able to place 65,000 
pounds into a 115-mile circular orbit and 
return 32,000 pounds to Earth in its 60 х 15- 
foot cargo bay. In addition, should the Space 
Shuttle be forced to abort its mission after 
a launch, it is designed to glide back to Earth 
and land safely. 
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Once the Space Shuttle becomes 
operational,three advanced manned space 
missions based on this system will be 
planned in the decades ahead: large, per- 
manent space stations; a permanent Lunar 
Base; and manned exploration of Mars. 

Unlike the Space Hall exhibits devoted to 
guided missiles and space launch vehicles, 
the Skylab cluster, and the Apollo-Soyuz Test 
Project, where the monumental size of the 
hardware and the gallery itself inspires a 
feeling of awe, the artifacts on exhibit in 
the Future Space Missions units lend 
themselves more to quiet contemplation. 
There are no actual large space station 
artifacts, no permanent lunar bases, no 
manned voyages to Mars yet. The visitor can 
only look at conceptual models, paintings, 
and architectural drawings. There does exist 
a Space Shuttle. But NASA's newest launch 
vehicle is still being tested. It is composed of 
two large solid-propellant motors generating 
2.69 million pounds of thrust each, an 
external fuel tank, and a winged Orbiter that 
is 122 feet long, with a wingspan of 78 feet.The 
solid-propellant boosters will be lowered by 
parachutes for re-use. The Orbiter is designed 
to retrofire, re-enter the Earth's atmosphere, 
and glide to a deadstick landing. A 1:15-scale 
model of the Space Shuttle Orbiter is in the 
Space Hall. 

One of the most provoking exhibits, 
however, is the Lunar Base Concept model 
Counterpoint constructed by J.R. Dossey 
and G.L. Trotti for an undergraduate thesis 
in architecture at the University of Houston 
in Texas. Counterpoint is designed to bea 
fully independent lunar colony with about 
200 inhabitants and would be located in the 
St. George Crater, near Apollo 15's landing 
site. But the visitor should keep in mind that 
the space stations, lunar bases, and Mars 
missions shown in this part of the gallery are 
all concepts considered technologically 
possible now and could become national or 
international programs before the century 
ends. And by that time, of course, it will be 
2001. Really. 


Explering 
the 
Planets 


А... ancient man learned to search both 
philosophically and actually beyond the Sun 
and Moon which dominated his heavens, he 
discovered that five particular objects in the 
nighttime sky moved against the seemingly 
fixed patterns of the stars and were, 
therefore, in some fundamental way 
different from them. Once identified, they 
named these objects after gods: Mercury, 
Venus, Mars, Jupiter, and Saturn. Because 
of their comparative nearness, these planets 
were thought to move around the Earth like 
the Sun and the Moon. Ptolemy (c.A.D. 90- 
168), who perfected a system to describe 
their movements, placed the Earth at the 
center of the universe with the bodies in the 
following order moving in perfectly circular 
orbits about it: the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, and Saturn. And to 
account for observable irregularities in their 
orbits, each body also performed an 
epicycle-a small circular orbit within the 
circumference of the large orbit. Although 
several early Greek philosophers, 
Aristarchus (310-230 B.C.) in particular, 
had suggested that the Earth moved about 
the Sun, and not the other way around, this 
heliocentric theory was rejected until the 
Polish astronomer Nicolaus Copernicus 
(1473-1543) published as he lay dying his 
De Revolutionibus Orbium Coelestium 
containing his argument that the Sun was 
the center of the universe and all the planets 
revolved around it. So controversial and 
dangerous was this concept that it prompted 
the German theologian and leader of the 
Protestant Reformation Martin Luther 
(1483-1546) to protest, "The fool will turn 
the whole science of astronomy upside 
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Mars' spectacular 15.5-mile-high volcano, 
Olympus Mons. appears beneath the arrow 
in this Mars map made possible by 
Mariner 9 in 1971. 


down!" Pope Paul III swiftly proclaimed 
Copernicus' theory to be heresy; but the 
courageous and inventive Italian scientist 
Galileo Galilei (1564-1642), his new 
telescope's discovery of Jupiter's four largest 
moons providing what he considered to be 
proof, published his support of the 
Copernican view of the universe in Sidereus 
Nuncius. 

The telescope helped transform astronomy 
from a science dominated by theologic and 
philosophic reservations and reasoning to a 
pure science within the expanding realms of 
mathematicians and geographers. For two 
thousand years the only known bodies in the 
Solar System had been the Earth, its Moon, 
the Sun and the five nearest planets: now, in 
the seventeenth century, through Galileo's 
invention nine new bodies were added: the 
four moons of Jupiter that Galileo had 
discovered, and five moons of Saturn found 
by others. 

During the next century a sixth planet, 
Uranus, was discovered along with two of its 
moons, and Saturn's sixth and seventh 
satellites. 

On January 1, 1801, the planetoid Ceres 
was discovered where a planet "should" have 
been: in the vast empty space between the 
orbits of Jupiter and Mars. Within the next 
six years three more planetoids were 
discovered in what came to be known as the 
asteroid belt. The nineteenth century 
abounded in discovery; in 1846 Neptune was 
found and immediately thereafter one of its 
two moons. In 1848 Saturn's eighth satellite 
was discovered, in 1877 two tiny moons 
orbiting Mars, in 1892 a fifth satellite of 
Jupiter, in 1898 Saturn's ninth. 
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Visitors can overfly Mars through the gallery's simulator. 


So far in the twentieth century seven more 
satellites of Jupiter have been discovered: in 
1948 a Dutch-American astronomer Gerard 
P. Kuiper discovered a fifth and innermost 
satellite of Uranus and in 1950 a second 
moon of Neptune. In 1930, with the help of 
Percival Lowell's computations of where just 
such an object might be found, Clyde W. 
Tombaugh discovered the ninth planet in 
our solar system and called it Pluto since, 
like the Underworld god after whom it was 
named, it was the farthest removed from the 
light. 

The first exhibits in Exploring the Planets, 
NASM's newest gallery, introduce this 
earthbound view of our solar system and 
show how Renaissance and Modern Man's 
expanding knowledge based on observable 
fact forced fantastic and superstitious 
explanations of natural phenomena to give 
way. Astronomers in the centuries since the 
telescope's invention have been able to detect 
objects so distant that their light began its 
journey to the telescopes' lenses before the 
Earth was even formed. Still, the great 
mysteries remain unsolved: How was the 
universe formed? Is it expanding from its 
creation? How long will it last? When did it 
begin? Are there millions of planets circling 
millions of stars? This last question 
suggests the greatest riddle of them all: Are 
we alone? No telescope can detect anything 
so small as a planet orbiting even the nearest 
star. 

But now, as we enter the last quarter of the 
twentieth century, we enter a new era as 
well, an era which began, really, with 
Russia's 1959 Luna 1 mission past the Moon. 
As this era of manned and unmanned 
spacecraft exploration progresses our 
knowledge of the planets, their satellites, the 
Moon and the Sun has multiplied 
enormously with each successive flight. This 
new knowledge and the wonderful devices 


which have helped us achieve it, are the core 


of the Exploring the Planets gallery. 
Visitors are shown the possible types of 

missions or trajectories used: flyby, impact, 

orbit, landing. and landing with return. 


A series of photographs taken by 

Ranger 9 demonstrates the flight attitude, 
descent, and crash of that craft on the 
Moon's surface in March, 1965. A model 
Surveyor sits surrounded by a lunar 
landscape photo mosaic created from the 
pictures sent back by the 1968 Surveyor 7. 
Here, too, is Surveyor 3's camera which the 
crew of Apollo 12 brought back with them 
from the surface of the Moon. 

Visitors are shown how Mariner 9 (1971) 
mapped the surface of Mars and discovered 
that the erosional and volcanic landforms on 
that planet far outscale anything to be found 
on Earth: the great Martian volcano, 
Olympus Mons, for example is over 81,000 
feet high; Mt. Everest, by comparison, is but 
a puny 29,028 feet. That planet's enormous 
equatorial canyon, Valles Marineris, 
stretches nearly a third of the way around 
Mars. And photographs from the Viking 1 
and Viking 2 Mars landers (1976) revealed a 
ruddy, rocky surface and a pinkish sky. 

Mariner 10's triple rendezvous with 
Mercury (twice in 1974, once in 1975) 
showed that planet to be as barren and 
cratered as the Moon: Russia's Venera 9 
(1975) soft-landed on the planet Venus and 
sent back photographs of a hostile, 
rockstrewn landscape beneath a thick 
blanket of clouds. Pioneer 10 (1973) and 
Pioneer 11 (1974) sent back the first good 
photographs of Jupiter. But now NASM 
visitors can see the spectacular photographs 
taken recently by Voyager 1. 

A model of Voyager 1 dominates the gallery 
with its huge dish antenna and experiments 
boom. This marvelous spacecraft passed by 
Jupiter in March, 1979, and stunned the 
world with its wondrous photographs of the 
giant planet's red spot, its four largest 
moons, and even caught the first view of 
Jupiter's ring and the bursting of a volcanic 
explosion on airless Io as it continued on. 

In 1982 an even more spectacular Jupiter 
mission is planned. This spacecraft, called 
fittingly Galileo, will reach Jupiter in 1985, 
drop into orbit, and then eject a probe which 
will descend through the stormy Jovian 
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A model ef the highly successful Voyager 1 
spncecraft whose photographs. sent hack 
during its Jupiter flyby tn March, 1979, 
thrilled the world 


Children can monitor their spacecraft's descent onto the red-hot surface of Venus. 


atmosphere radioing back information on 
the conditions it encounters until it is 
swallowed up. 

What then? Perhaps exploration of Titan, 
Saturn's largest moon, and the only moon in 
the solar system with an atmosphere of its 
own. While planetary exploration has so far 
answered a great many questions about our 
solar system, it has succeeded in raising 
still more. The final exhibit unit in this 
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gallery is "Unanswered Questions," which 
leads us back to the biggest riddle of them all 
and reminds one of the probably apocryphal 
story about the renowned astronomer who 
received the telegram "IS THERE LIFE ON MARS. 
CABLE THOUSAND WORDS. HEARST." and sent 


back the following message, "NOBODY KNOWS" 


repeated five hundred times. He might have 
added the basic and crucial question, "What 
do you mean by Life?" 
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“To Fly” 


“To Fly,” NASMS first spectacular film 
shown in the Museum's IMAX theater on a 
movie screen five stories high and seven 
stories wide, quite literally overwhelms 
each visitor who watches it. Photographed 
on 70mm film (a frame size nine times larger 
than the standard movie frame) 
and accompanied by an original score 
composed by the Brazilian concert pianist 
Bernardo Segall and recorded by a fifty- 
piece symphony orchestra (with six-track 
stereo sound that booms out from eleven 
speakers strategically placed throughout 
the auditorium), "To Fly" is a half-hour 
breathtaking visual and auditory cinematic 
experience that takes the viewer on a flying 
tour of America from 1831 to, well, 2002. 
"To Fly" opens with a balloon ascension in 
post-Colonial times and the balloonist's 
near-collision with a church steeple. This 
bird's-eye view of America includes the 
sensation of barnstorming in an early 
biplane over California—during which the 
viewers cling white-knuckled to the armrests 
of their theater seats as the biplane flips 
upside down— piloting one of the jets of the 
Navy's crack Blue Angel acrobatic team as it 
screams across Arizona's deserts, hang- 
gliding over California's sea-cliffs, and finally 
free-floating with a mission to outer space. 
Because of the great bulk of the 
IMAX camera, Greg MacGillivray and 
James Freeman, who co-directed and 
co-photographed "To Fly," had to design 
special camera mounts for the helicopter, 
the Boeing 747 Jumbo Jet, and the F-4 
reconnaissance jet used in filming the aerial 
sequences. As critical and difficult as these 
airborne camera scenes were, they could 
have been reshot if something had gone 
wrong. The most critical shot, however, was 
one taken from the ground: the lift-off of the 
towering Saturn launch vehicle. The launch 
shown was that of the Saturn which boosted 
the Apollo crew into orbit in July, 1975, for 
their link-up with the Soviet Soyuz space- 
craft during the Apollo-Soyuz Test Project. If 
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MacGillivray and Freeman had missed that 
shot it would have been impossible to 
reshoot; that was the last Saturn launched. 

“To Fly" was produced by the Academy 
Award—winning Francis Thompson and 
funded by the Continental Oil Company. 

The Museums second feature film, equally 
as spectacular as "To Fly." is "Living Planet," 
also produced by Francis Thompson. Here 
viewers are carried on an aerial journey over 
many of the Earth's most remote corners— 
Africa, India, and the Arctic. 


Spacearium 


After the exhausting excitement of seeing 
the Museums gallery exhibits, simply 
resting in a comfortable armchair in the 
quiet, darkened 250-seat Albert Einstein 
Spacearium while tranquil symphonic 
music washes over one through the superb 
sound system would seem enough of a treat. 
But just as the theaters presentation 
captivated Museum visitors by taking them 
on a flying tour of the Earth, the 
Spacearium shows striking introduction to 
the stars intrigues visitors by taking them 
on a fascinating and informative journey to 
worlds beyond our blue planet. 

"Worlds of Tomorrow," the show in NASM's 
Albert Einstein Spacearium, is a half-hour 
voyage into outer space with visual effects 
by one of the world's finest planetarium 
instruments, a Carl Zeiss Model VI (given the 
National Air and Space Museum by the West 
German government as a Bicentennial gift), 
and over 200 modified projectors hidden 
behind the planetarium's 70-foot-diameter 
dome, which is made of aluminum sheet with 
millions of tiny, evenly spaced perforations. 

The show, prepared by the staff of the 
Albert Einstein Spacearium, begins with the 
Moon, planets, and stars swimming over- 
head as the narrator provides a lightning 
guide to astronomical history and thought, 
and suddenly the visitor is "transported" to a 


An artists view of the Zeiss planetarium instrument, a gift of West Germany 
for our Nation's Bicentenntal. In a typical Spacearium scene, the planet 
Saturn is shown rising above the horizon as seen from one of its moons. 


lunar colony. From the Moon, the viewer 
leaps to Mars and as he overflies that planet 
and looks down at its gigantic 81,000-foot- 
tall volcano, Olympus Mons, and its canyon, 
which is seven times longer and four times 
deeper than the Earth's Grand Canyon, 
larger than any known in the solar system, he 
sees that the arid planet, pitted with impact 
craters, is not what early science fiction 
writers had led him to believe. When the 


spacecraft lands, an astronaut can be seen 
collecting rock samples on the Martian 
surface and a distant dust storm swirls and 
grows on the horizon. The visitor is then 
taken on a voyage which NASA hopes 

to duplicate in 1985 when it sends its 
ambitious Galileo probes down through 
Jupiter's stormy, gaseous clouds. And after 
Jupiter it is on to deep space, where not far 
from a space colony an asteroid is being 


In the future, space miners апа 
technicians might shuttle back and 
forth between their space colony and 

their ore-rich asteroid. 


mined as tiny spacecraft shuttle back апа 
forth. 

The Carl Zeiss Model VI planetarium 
instrument can accurately project approxi- 
mately 9,000 stars, the Milky Way, nebulae, 
star clusters, distant galaxies, and the five 
planets in our solar system visible to the 
naked eye; it can even make the stars"twinkle." 


Silver Hill 


Visitors to the Museum may have paused 

to wonder why a battered and time- 

worn aircraft should have been exhibited 
on the ground floor near the Museum 
Shop. It is a 1924 Berliner Helicopter, and 
although that machine was protected 
better than most from the elements, it was, 
like other early aircraft built of fabric 

and wood, in pitiable condition because of 
the havoc wrought by variations in tem- 
perature and humidity on such machines. 
Deterioration occurs even when storage 
conditions are good. The Berliner 
Helicopter is exhibited to show the challenge 
of restoration confronted on a daily basis 
by the expert craftsmen and aircraft 
conservators at the Museum's preservation, 
restoration, and storage facilities at Silver 
Hill, Maryland. 

The Silver Hill Museum is a 24-building 
complex now open to the public as a "no 
frills" museum, offering visitors more than 
one hundred aircraft, spacecraft, power 
plants, and related objects from the reserve 
collection of the Museum. Both military and 
civil aircraft are simply displayed with brief 
identification labels. Trained guides conduct 
free tours of the warehouse/exhibition areas, 
and visitors can enter the restoration area 
where the technicians can be seen at work 
preserving aircraft, many of which at the 
beginning are in a condition similar to the 
battered Berliner Helicopter in the Museum 
itself. 

Silver Hill's aircraft conservators are such 
demanding craftsmen that, at times, they 
have to be restrained from restoring aircraft 
to better shape than they were in when they 


were first built. Air frames are brought back 
to flight status, engines are not—they are, 
however, brought to the point where they 
could become operable. But Silver Hill's 
philosophy is that it is better to spend the 
time and the money to arrest corrosion in 
a dozen airplanes than to spend them 
bringing just one aircraft all the way up to 
flight status. Still, about twenty artifacts 
(including propellers, landing gears, and 
engines) are preserved each year and about 
four aircraft restored. 

One of the major problems facing the 
Silver Hill craftsmen is that many of the 
airplanes needing restoration are military. 
Military aircraft were mass-produced as part 
of the war effort and were expected to pass 
inspection, but not to last for an eternity. 
Their average life expectancy was about 
ninety days. A good example is the recently 
restored Messerschmitt Me 262, the 
world's first operational jet fighter. It was 
manufactured by the Germans during the 
latter stages of World War II and although 
some 1,400 were made, only about 350 were 
ever flown in combat due to the fuel shortage 
in 1944. 

In order to stop the corrosion process, the 
Me 262 was completely taken apart, cleaned, 
then reassembled. The work was doubly 
difficult because German manufacturers 
used composite construction techniques 
combining aluminum with steel in the 
fighters. One visitor was particularly 
impressed by the resulting restoration; he 
had been an engineer in Germany who had 
worked on the development of the original 
Me 262. One interesting fact he pointed out 
was that the Me 262's swept-back wing was 
not for higher speed as one might have 
thought but rather to shift the center of 
gravity. 

Visitors to the Silver Hill Museum tend to 
be either aviation buffs or persons with some 
direct relationship to a particular aircraft 
they have come to see. One such was Don 
Berlin who designed the famous Curtiss 
P-40. He had been project engineer on the 
Gamma and went out to Silver Hill 
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Right: Two of the rare light 
planes at Silver Hill. The 
Stout Skycar, its corrugated 
skin reminescent ofthe Ford 
Tri-Motor, hangs above the 
Stearman Hammond. 


The only SPAD ХШ known to be 
still covered with its original 
fabric is at Silver Hill. 


A picture from the past shows 
two Japanese warplanes at 
Silver Hill. They are the Kikka 
(above) and the Zero (below). 
now at the Museum. 


with Walter Boyne, NASM Curator of going to happen. I knew what should have 
Aeronautics and the Silver Hill Museum been done to strengthen that structure!" 
head. Berlin had not seen the Gamma for And Berlin, according to Boyne, was ready to 
about forty years and, as he stood looking at redraw the aircraft's design. 

the silver plane with the slight crumple aft of Among the aircraft stored at Silver Hill is one 
the engine nacelle which had been caused by that holds an awesome role in the history of 

a particularly hard landing in the Antarctic, military aviation. It is the Enola Gay, the B-29 
he turned to Boyne and said, "I knew it was that dropped the atomic bomb on Hiroshima. 


482 


Art Gallery 


The first works of space art created in strict 
accord with existing scientific knowledge 
were the illustrations published in Jules 
Verne's 1865 novel From the Earth to the 
Moon. Not quite one hundred years later, in 
1963, the National Aeronautics and Space 
Administration, in cooperation with the 
National Gallery of Art, invited some of this 
country’s foremost artists to contribute their 
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Photo by Joel Breger 


imagination, perceptions, and talent to 
document the space program in the most am- 
bitious art project since the Works Progress 
Administration (WPA) artists' projects ofthe 
Depression. Much of this resulting art which 
transformed space hardware into visions of 
fantasy and beauty is in the Museum's Art 
Gallery, but NASM's art collection is so 
extensive that paintings, prints, and other 


Left: Richard Lippold. Variation Within 
a Sphere, No. 10: The Sun. 1953-56. 
Gold filled wire, 11 x 22 x5-1/2'. On 
loan from the Metropolitan Museum 

of Art. Purchased in 1956 by the 
Fletcher Fund. 


Robert Rauschenberg. Sky Garden. 
1969. Color lithograph on paper. 

89 x 42". From the Stoned Moon series 
reproduced courtesy of Gemini G.E.L., 
Los Angeles, California. 


works of art overflow the gallery and can be 
found in almost every exhibit area, office, 
hallway, and corner of the Museum. 

On June 27, 1976, after the Museum 
opened to the public, Washington Post art 
critic, Wolf Von Eckhart, wrote, 


...the Art Gallery, directed by curator James D. 
Dean, which displays 200 paintings and other 
artworks, is architecturally and artistically among 
the most inspired art galleries in Washington. 
Although everything here is obviously “modern,” 
the art is not confined to one school or 
Weltanschauung. From Rauschenberg to Norman 
Rockwell, the collection shows us the richness of 
contemporary creativity. 

Nor is the art confined to this gallery. Surprisingly. 
perhaps, the entire museum is a work of art — 
a work of art apt to restore one's faith in our time. 


Library and Research 


The National Air and Space Museum Bureau 
Library is part of the system of Smithsonian 
Institution Libraries that supports the 
research and exhibit programs of the 
Institution and the specialized interests of 
the staff and the public it serves. The NASM 
collection contains over 24,000 books, 
4,700 bound periodicals, and 500,000 
technical reports, and its unrivaled 
documentary archival collection includes an 
estimated 900,000 photographs and other 
materials covering the history of aviation 
and space, flight and lighter-than-air 
technology. the aerospace industry and 
biography, rocketry, earth and planetary 


Henri Farré. Aerial Shooting Range at Cazeaux. 1917. Oil on canvas, 
19 x 2334" . On loan from the U.S. Air Force Art Collection 


William Garnett. (C) 1954. Marble Canyon 
Butte, Arizona 


sciences, and astronomy. The rare and 
scarce aeronautica and astronautica of the 
Museum are housed in the Admiral DeWitt 
Clinton Ramsey Room. There one finds 

over 1.500 pieces of aeronautical sheet music 
in the Bella Landauer collection in addition 
to the William A.M. Burden collection of early 
ballooning works. 

The Center for Earth and Planetary 
Studies, established in 1973, is the National 
Air and Space Museums scientific research 
arm. Among the Center's research sources is 
a complete collection of over 30.000 lunar 
and planetary photographs taken both by 
the Apollo astronauts and unmanned 
probes. Under the direction of Dr. Farouk El- 
Baz, the Center staff works on the mapping 


William Garnett. (C) 1954. Sand Dune #1, 
Death Valley. California 


and naming of lunar features and on the 
interpretation of the geologic history of the 
Moon. The Center also works with NASA on 
the planning of lunar cartographic projects. 
Research on Earth-related subjects has 
included analysis of data from the July. 
1975. Apollo-Soyuz Test Project. Scientific 
investigations have been conducted with 
specialists from the U.S. Geological Survey, 
the National Oceanic and Atmospheric 
Administration, and various university and 
research organizations in such fields as 
geology. oceanography, hydrology. and 
meteorology The Center's automated 
microfiche library of Mars and Mercury 
photographs provides the basis for 
continuing comparative planetology studies. 
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Aerospace Chronology 


November 21, 1783: The first flight in 
history is made by de Rozier and 
d'Arlandes in a Montgolfier hot-air bal- 
loon at Paris. 

December 1, 1783: First flight in a hy- 
drogen balloon (by Charles and Robert) at 
Paris. 

January 7, 1785: Blanchard and Jef- 
fries, in a balloon, make the first Channel 
crossing by air. 

January 9, 1795: Jean Pierre Blanchard 
makes the first flight in America. Launch- 
ing his balloon from a Philadelphia prison 
yard. he flies to Gloucester County. New 
Jersey. 

October 22, 1797: Garnerin, from a bal- 
loon, makes the first parachute descent 
from the air. 

1798: Cayley designs first modern con- 
figuration airplane, incorporating fixed 
wings. tail-unit control surfaces, and an 
auxiliary method of propulsion. 

1804: First modern configuration air- 
plane, Cayley's model glider, flies. 
1809—10: Cayley publishes his classic 
iriple paper on aviation, which lays the 
foundations of modern aerodynamics. 
1883: First man-carrying flight in a 
heavier-than-air craft (Cayley's "coach- 
man-carrier” glider)—but not under con- 
trol by the occupant. 

1878: Otto invents the four-stroke petrol 
engine. 

1881-96: Lilienthal's first successful 
piloted gliding flights. 

1889: Lilienthal publishes his classic. 
Der Vogelflug als Grundlage der Fliege- 
kunst. 

1896: Langley obtains his first success 
with two of his steam-powered tandem- 
wing models. 

1899: The Wright Brothers invent a sys- 
tem of wing-warping for control in roll, 
and fly a kite incorporating it. 

1901: The Wrights fly their No. 2 glider 
near Kitty Hawk. 

1902: The Wrights make nearly 1,000 
glides on their No. 3 glider and invent 
coordinated warp and rudder control, i.e., 
combined control in roll and yaw. 
December 17, 1903: The first powered. 
sustained, and controlled airplane flights 
in history. by Wilbur and Orville Wright. 
near Kitty Hawk: the first of four flights 
lasts for 12 seconds, the last for 59 sec- 
onds. 

September 20, 1904: First circle flown, 
by Wilbur Wright: this is witnessed and 
described by A.l. Root. 

June, 1905: First fully practical powered 
airplane, the Wright Flyer III, flies. 
October—November, 1908: Santos- 
Dumont makes the first official powered 
hop-flights in Europe: the best (November 
12) covers 72) feet in 21% seconds. 
August 8, 1908: At Hunaudiéres, 
France, Wilbur Wright flies in public for 
the first time in the first practical two- 
seat airplane, and transforms aviation by 
his display of flight controls. 

September 3, 1908: Orville Wright first 
flies in public at Fort Myer. Virginia. 


October 30, 1908: Henri Farman com- 
pletes the first cross-country flight, (lving 
1614 miles. 

July 25, 1909: On his No. ХІ mono- 
plane. Louís Bléríot makes the first Chan- 
nel crossing from near Calais to Dover. 
August, 1909: First great aviation meet- 
ing is held at Reims. and has widespread 
influence, showing the airplane is now a 
practical vehicle. 

February, 1910: Hugo Junkers receives 
a patent for the design of a cantilever (ly- 
ing wing aircraft. 

November 14, 1910: Eugene Ely takes 
offfrom the USS Birmingham in a Curtiss 
Pusher—the birth of the aircraft carrier. 
January 18, 1911: Eugene Ely lands his 
Curtiss Pusher aboard the armored 
cruiser USS Pennsylvania, at anchor in 
San Francisco Bay—the first landing of 
an airplane on a ship. 

1912: Кисһоппе1 and Bechereau intro- 
duce monocoque construction on the rec- 
ord-setting Monocoque Deperdussin 
racer, which wins the Gordon Bennett 
Cup by setting a world's speed record of 
108.18 mph. 

The first enclosed cabin airplanes (Brit- 
ish Avro) and all-metal airplanes (the 
Tubavion of Ponche and Primard) com- 
plete their initial flights. 

1913: The first multiengine aircraft hav- 
ing four engines, the Sikorsky Bolshoi, 
completes its initial flights in Russia. 
1915: First flight of the Junkers J 1, the 
world's first all-metal cantilever mono- 
plane. 

May 18—17, 1919: First transatlantic 
flight via the Azores by the NC-4 flying 
boat of the United States Navy. 
December, 1919: Smithsonian Institu- 
tion publishes Robert H. Goddards clas- 
sic paper, A Method of Reaching Extreme 
Altitudes. 

1920: First flight of an airplane having a 
practical retracting landing gear, the 
Dayton-Wright R.B. racer. This aircraft 
also had the first variable-camber wing. 
March, 1920: First flight test verifica- 
tion of the advantages of equipping an 
airplane with wing slots. 

September 18, 1921: Lt. John A. Mac- 
ready exceeds the world altitude record 
for airplanes by reaching 34,508 feet ina 
Packard-LePere fighter. 

September 4, 1922: First transconti- 
nental flight across the United States ina 
single day, by Lt. James H. "Jimmy" 
Doolittle, in a D.H. 4B biplane, from Pablo 
Beach, Florida, to Rockwell Field. San Di- 
ego, a distance of 2.163 miles. 

January 9, 1923: First successful flight 
of the Cierva С.З Autogiro, at Madrid. The 
Autogiro subsequently has great influ- 
ence on the development of other rotary- 
wing aircraft, especially helicopters. 

May 2—3,1923:First nonstop transcon- 
tinental flight across the United States, 
from New York to San Diego. by Lts. 
Oakley Kelly and John A. Macready, in the 
Fokker T-2 monoplane, a distance of 
2,520 miles in 26 hours, 50 minutes. 


1924: The trimotor airliner (Junkers 
G.23) and the Fowler wing Пар make their 
first appearance. 

April 6—September 28, 1924: Two 
Douglas World Cruiser aircraft of the 
United States Army Air Service complete 
the first round-the-world. first trans- 
pacific, and first westbound Atlantic 
crossing, fying 26,345 miles in a flying 
time of 363 hours. 

March 16, 1926: Robert Goddard dem- 
onstrates successful operation of a liquid- 
fuel rocket at Auburn, Massachusetts. 
llis rocket attains a distance of 184 feet in 
21/ seconds, the “Kitty Hawk" of rocketry. 
May 20—21, 1927: Charles Lindbergh 
crosses the Atlantic from New York to 
Paris, the first solo nonstop crossing and 
the first by a single-engine aircraft. 

July 4, 1927: First flight of the Lockheed 
Vega. a trend-setting cantilever-wing air- 
craft having a monocoque fuselage with 
stressed-skin construction, which im- 
parts lighter weight and larger volume (О 
the aircraft, as well as reducing drag and. 
thus, boosting performance. 

June 11, 1928: First flight of a manned 
rocket-propelled airplane is made by 
Friedrich Stamer in a modified canard 
glider. 

September 24, 1929: James H. Doolit- 
tle makes the first blind flight in aviation 
history, flying a specially instrumented 
Consolidated-Guggenheim NY-2 research 
airplane. 

1930: Frank Whittle takes out his first 
patents on turbojet engine design. 
September 29, 1931: RAF Flight Lt. 
George Stainforth completes the world's 
first flight faster than 400 mph in the Su- 
permarine S.6B racing floatplane. 

1933: Introduction of the controllable- 
pitch propeller on regular airline aircraft, 
beginning with the Boeing 247. This de- 
velopment, the result of work by Frank 
Caldwell, greatly improves airplane per- 
formance at both low and cruising 
speeds. 

February 8, 1933: First (light of an ad- 
vanced all-metal monoplane transport, 
the Boeing 247. 

July 1, 1933: First flight of the Douglas 
DC-1, an innovative all-metal monoplane 
transport that serves as the basis for the 
future DC-2 and DC-3 series, which domi- 
nate American and much foreign air 
transport services. 

July 28,1934: Balloonists A.W. Stevens. 
W.E. Kepner. and O.A. Anderson reach an 
altitude of 60.613 feet aboard the National 
Geographic Society—Air Corps balloon 
Explorer I. 

September 13, 1935: Howard Hughes 
sets an international speed record for 
landplanes, by flying more than 352 mph 
over a special 3-kilometer course at Santa 
Ana, California, in the Hughes American 
Racer, subsequently designated the H-1. 
November 11, 1935: Balloonists O.A. 
Anderson and A.W. Stevens reach a world 
altitude record for manned balloons of 
72,395 feet. in the balloon Explorer II. 
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June 26, 1936: First (light of the world's 
first practical helicopter, the double-roter 
Focke-Achgelis FW-61. 

January 20, 1937: Howard Hughes sets 
a transcontinental nonstop flying time 
record of 7 hours. 28 minutes, and 25 
seconds, in the Hughes H-1 Racer, flying 
from Burbank, California. to Newark, 
New Jersey. 

1938: The National Advisory Committee 
for Aeronautics develops a family of Jow- 
drag laminar-flow airfoil sections ideally 
suited for high-speed aircraft designs. 
December 31, 1938: First flight of a pas- 
senger airplane having a pressurized 
cabin. the Boeing 307 Stratoliner. 

June 30, 1939: First flight of an airplane 
equipped with a liquid-fuel rocket engine. 
the Heinkel He-176. 

August 27, 1939: Erich Warsitz com- 
pletes the first jet flight in aviation his- 
tory. flving the experimental Heinkel 
He-178. a Von Ohain turbojet. 

May 13, 1940: Igor Sikorsky completes 
the first flight of the Sikorsky VS-300 
helicopter, the first successful single- 
rotor helicopter in the world. 

May 15, 1941: First flight of the Gloster 
E. 28/39, the first British turbojet air- 
plane. powered by a Whittle engine. 
February, 1942: First flight of the Doug- 
Jas DC-4 transport, which sets the future 
design configuration for postwar four- 
engine airliners. 

October 1, 1942: First flight of the Bell 
XP-59A Airacomet, the United States first 
turbojet aircraft. at Muroc Dry Lake. Cal- 
ifornia. 

October 3, 1942: First successful flight 
of the German А-4 (V-2) liquid-fuel rocket- 
propelled ballistic missile. from Peene- 
munde, Germany. 

December, 1943: American military and 
civilian aeronautical research directors 
complete initial discussion on using 
manned research aircraft to fly faster 
than the speed of sound. 

1944: The first turbojet-propelled fight- 
ers, the Gloster Meteor and Messer- 
schmitt Me 262, enter service. as does the 
first operational rocket-propelled inter- 
ceptor, the Messerschmitt Me 163 Komet. 
September 20, 1945:The first flight of a 
turboprap-driven airplane is made in 
England by a modified Gloster Meteor 
powered by two Rolls Royce Trent tur- 
boprops. 

Late 1945: Regularly scheduled com- 
mercial aircraft begin transatlantic pas- 
senger service. 

September 29-October 1, 1946: The 
Lockheed P2V Neptune Truculent Turtle 
establishes a world’s record distance 
without refueling for 11,235 miles 
(18,088 kilometers) in 55 hours and 17 
minutes. 

October 14, 1947: Capt. Charles E. 
Yeager becomes the first pilot to exceed 
the speed of sound, flying the air- 
launched experimental Bell XS-1 rocket- 
propelled research airplane to Mach 1.06. 
700 mph (1.127 kph) at 43,000 feet 
(13,106.40 meters), over Muroc Dry Lake. 
California. 

April 21, 1949: First flight of a ramjet- 
powered airplane—the French-built ex- 
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perimental air-launched Leduc 010— 
which flies for 12 minutes and attains a 
speed of 450 mph (725 kph) using only 
half of its available power. 

August 25, 1949: First emergency use 
ofa partial-pressure pilot-protection suit, 
by Maj. Frank K. Everest. on board the 
Bell X-1, following loss of cabin pressur- 
ization at 69,000 feet (21,031 meters]. 
June 20, 1951: First flight af the Bell 
X-5 variable-wing-sweep testbed, by Jean 
Ziegler, at Edwards Air Force Base. 
December, 1951: Richard Whitcomb 
verifies the Area Rule concept to reduce 
aircraft drag characteristics at transonic 
and supersonic speeds. This concept. 
popularized as the so-called "Coke bottle" 
or "wasp waist" shape. is first verified by 
flight testing on the Convair F-102. 
April21, 1952: The worlds first produc- 
tion turbojet transport. the De Havilland 
Comet, enters airline service with BOAC. 
November 20, 1953: Research test pilot 
A. Scott Crossfield becomes the first pilot 
to exceed Mach 2, twice the speed of 
sound. in an experimental air-launched 
rocket-propelled Douglas D-558-2 sky- 
rocket. The plane attains Mach 2.005. ap- 
proximately 1,328 mph (2,138 kph) over 
Edwards Air Force Base, California. 

July 15, 1954: First flight of an Amer- 
ican jet transport. the Boeing 707, pro- 
totype for the extremely successful Boeing 
707 transport and KC-135 transport’ 
tanker aircraft. 

November 2, 1954: Flying the propeller- 
driven Convair XFY-1 Pogo experimental 
vror fighter, test pilot J.F. Coleman com- 
pletes the first transition [rom a vertical 
takeoff to level flight and then back to a 
vertical descent and landing. at San Di- 
ego, California. 

September 27, 1958: Capt. Milburn 
Apt. United States Air Force, becomes the 
first pilot to fly three times faster than the 
speed of sound, reaching Mach 3.196. 
2,094 mph (3.371 kph) in the Bell X-2. 
Apt is killed, however. when the plane 
tumbles out of control into the Mojave 
Desert. 

November 26, 1956: Peter Girand. fly- 
ing the experimental Ryan X-13 Vertijet 
vTOL airplane, completes the worlds first 
jet vertical takeoff and transition to level 
fight. 

October 4, 1957: Sputnik 1, the first 
man-made earth satellite, is placed in or- 
bit by the Soviet Union—the dawn of the 
Space Age. 

November 3, 1957: Launch of Sputnik 
2. carrying dog. Laika, first living crea- 
ture to orbit the Earth. 

January 31, 1958: Explorer 1, the first 
United States satellite, is successfully 
launched. 

September 12, 1959: Soviet Union 
launches Luna 2, the first man-made ob- 
ject to impact the Moon. 

September 17, 1959: First powered 
flight of the North American X-15 hyper- 
sonic research airplane, bv test pilot A. 
Scott Crossfield, at Edwards Air Force 
Base, California. 

October 4, 1959: Soviet Union launches 
Luna 3, the first spacecraft to photograph 
the lunar farside. 


April 1, 1960: Tiros I. the first weather 
satellite. is launched by the United € tates. 
August 16, 1960: Capt. Joseph W. Kit- 
tinger. Jr.. makes a record parachute de- 
scent by jumping from the balloon Excel- 
sior III at an altitude of 102.800 feet and 
free-falling 17 miles before opening his 
parachute at 17, 500 feet. 

1961: The North American X-15 re- 
search airplane completes the first 
manned flights of a winged aircraft to 
Mach 4, 5, and 6. 

April 12, 1961: Maj. Yuri Gagarin com- 
pletes the first manned space flight by 
making a one-orbital mission aboard the 
Soviet spacecraft Vostok. 

May 5, 1961: Alan B. Shepard. Jr.. be- 
comes the first American astronaut to en- 
terspace, making a 15-minute suborbital 
flight. 

September 12, 1961: The Hawker 
P.1127 experimental vectored-thrust re- 
search airplane completes 115 first transi- 
tion from vertical takeoff to horizontal 
flight. and back to a vertical landing. The 
P.1127 serves as the basis for the world's 
first operational vro. fighter. the Hawker- 
Siddeley Harrier. 

February 20, 1962: United States astro- 
naut Lt. Col. John Glenn becomes the 
first American to orbit the Earth. aboard 
the Mercury spacecraft Friendship 7. 
July 10, 1962: The United States 
launches Telstar l. providing the first 
transatlantic satellite television relay. 
August 27, 1962: Mariner 2, the first 
spacecraft to conduct a fly-by of another 
planet (Venus), is launched by the United 
States. 

June 16, 1963: Valentina Tereshkova 
becomes the first woman in space. aboard 
the Russian Vostok 6. 

August 22, 1963: nasa research pilot 
Joseph Walker attains an altitude of 
354,200 feet (67.08 miles] in the hyper- 
sonic North American X-15 research air- 
plane. the highest flight to that date by a 
winged aircraft, at Edwards Air Force 
Base, California. 

September 21, 1964: First flight of the 
North American XB-70A Mach 3 experi- 
mental research airplane. The two XB-70s 
built furnished much valuable informa- 
tion useful to the design of large super- 
sonic aircraft. 

March 7, 1965: A Qantas Airlines’ Bae- 
ing 707 makes commercial aviation first 
nonstop Pacific Ocean crossing. flving 
from San Francisco to Sydney in 14 hours 
and 33 minutes. 

March 16, 1965: Alexei Leonov becomes 
the first person to perform an extra- 
vehicular activity (eva. or spacewalk), 
during the Voskhod 2 mission. 

Juae 3, 1965: Edward Н. White II be- 
comes the first American to perform an 
extravehicular activity, during the flight 
of Gemini 4. 

November 16, 1965: Soviet Venus 3 
spacecraft is launched. and on March 1. 
1966, becomes the first man-made object 
to impact Venus. 

Jauuary 31, 1966: The Soviet Union 
launches Luna 9, the first unmanned 
spacecraft to make a soft landing on the 
Moon. 


June 1, 1988: The first American space- 
craft to make a soft landing on the Moon, 
Surveyor 1, is launched. 

July 12, 1968: First test flight of the 
Northrop/nasa M2-F2 lifting-body testbed 
by Milton O. Thompson. at Edwards Air 
Force Base, California. The lifting-body 
concept was being studied as one means 
of accomplishing manned re-entry from 
space. 

August 10, 1968: The United States 
launches Lunar Orbiter 1, which provides 
high-resolution photographs for the sc- 
lection of Apollo landing sites. 

October 3, 1967: Maj. Williain J. Knight 
sets a new unolficial world airspeed rec- 
ord for winged aircraft of 4.534 mph 
(Mach 6.72] in the North American 
X-15A-2: this is the fastest winged flight 
and the fastest X-15 flight ever made. 
December 21—27. 1968: Apollo 8, pi- 
loted by astronauts Frank Borman, 
James Lovell, Jr., and William Anders, be- 
comes the first manned spacecraft to or- 
bit the Moon. 

December 31, 1968: First flight of a su- 
personic transport. the Soviet Tupolev 
TU-144. 
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May 18—28, 1968: Astronauts Thomas 
Stafford, Eugene Cernan. and John 
Young test the Lunar Module in lunar or- 
bit in Apollo 10 mission. 

July 20, 1969: Apollo 11 astronauts Neil 
Armstrong and Edwin Aldrin become thc 
first humans to step on another celestial 
body when they land on the Moon. 
November 24, 1970: First test flight of 
the nasa supercritical wing. developed by 
Richard T. Whitcomb, on a North Ainer- 
ican- Rockwell T-2C trainer. 

May 30, 1971: The United States 
launches Mariner 9, the first spacecraft to 
survey the planet Mars from orbit. 
March 3, 1972: Pioneer 10, the first 
spacecraft to visit the outer planets. is 
launched from Cape Kennedy. 

May 25, 1972: First flight of an aircraft 
completely dependent on an electronic 
digital fly-by-wire control system, using a 
NASA-modified Ling-Temco-Vought F-8 
aircraft. 

December 7—19, 1972: Flight of Apollo 
17: astronauts Eugene Cernan, Harrison 
Schmidt, and Ronald Evans are the last 
Apollo crew to visit the Moon. 

May 25—June 22, 1973: Astronauts 


The technical data presented here apply to the major aircraft and 
spacecraft appearing in this book. The numbers at the lett of each 
entry refer to the pages on which the vehicle is illustrated. 
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18-19 FRIENDSHIP 7 


Length 3.4m (11 ft.) inorbit; 
2.2m (7 ft. 3 in.) 
at splashdown 

Base 

diameter 1.9m (6 ft. 21 in.) 

Weight 1,344kg (2.987 lb.) 
in orbit; 1.100kg 
(2.422 1b.) at 
splashdown 

Launcb vehicie Atlas 

21 GEMINI 4 

Length 5.6m (18 ft. 4 in.) in 
orbit: 2.3m (7 ft. 4 in.) 
at splashdown 

Base 

diameter Adapter. 3. 1m (10 ft.]: 


spacecraft, 2.3m 
(7 ft. 6in.) 
Launch vehicle Titan II 
23 WRIGHT 1903 FLYER 


Wingspan 12.29m (40 ft. 4 in.) 
Length 7.41m (21 ft. % in.) 
Height 2.82m (9 ft. 3% in.) 
Weight Empty. 274kg (605 Ib.) 


Milestones of Flight 


26-27,38-39 WRIGHT 1903 
FLYER—see Introduction 


30-31 LILIENTHAL STANDARD 
GLIDER 


Wingspan 7.93m (26 ft.) 
Wing area 140 sq. ft. 
Length 4.19m (13 ft. % in.) 
Height 1.53m (5 ft.) 
Camber 1-15/1-18 
44—45 LANGLEY AERODROME #5 
(1896) 
Wingspan 4.2m(13 ft. 8 in.) 
Length 4.03m (13 ft. 2 in.) 
Height 1.25m (4 ft. 1 in.) 
Weight 11.25kg (25 Ib.) 
Engine Langley. 


approximately 1 hp 
54—55,56,58—59,60—61 RYAN NYP 


SPIRIT OF ST. LOUIS 
Wingspan 14.02m (46 ft.] 
Length 8.41m (27 ft. 7 in.) 
Helght 2.99m (9 ft. 10 in.) 
Welght Gross, 2,329kg 
(5.135 Ib.) 
Empty. 975kg 
(2,150 Ib.) 
Engine Wright Whirlwind 


J-5-C. 223 hp 
54-55,85 APOLLO 11 COMMAND 


MODULE COLUMBIA 
Length 3.2m (10 ft. 7 in.) 
Wcight 5.896kg 113.000 10.1 


Base diameter 3.9m (12.8 ft.) 

Launch vehicle Saturn V 
70—71 BELL X-I—GLAMOROUS 
GLENNIS 


Wingspan 8.54m (28 ft.) 


Charles Conrad. Paul Weitz. and Joseph 
Kerwin undertake Skylab 2 mission. 
launching from Cape Kennedy for a ren- 
dezvous with the Skylab Orbital Work- 
shop launched (as Skylab 1) on May 14. 
They make extensive repairs to the 
damaged workshop before beginning a 
program of planned experiments. 
November 3, 1973: Mariner 10. the first 
spacecraft to fly-by Mercury. is launched 
by the United States. 

July 15-24, 1975: Apollo-Soyuz Test 
Project astronauts Aleksey Leonov. Valeriy 
Kubasov. Thomas Stafford, Donald 
Slayton. and Vance Brand take part in the 
first international manned space mis- 
sion. 

August 10, 1975: The United States 
launches Viking 1. its first Mars lander. 
which soft-lands July 20. 1976. 
September 1, 1977: Vovager ] is 
launched by the United States to fly-by 
Jupiter, Saturn, and beyond. 
September 29, 1977: Satyul 6 space 
laboratory is launched by the Soviet 
Union. The spacecraft has been re-sup- 
plied and occupied by cosmonauts for as 
long as 139 days. 


Length 9.41m (30.90 ft.) 
Height 3.31m (10.85 ft.) 
Weight Launch configuration. 
5.557kg (12.250 Ib.) 
Landing configura- 
tion. 3.175kg 
(7.000 Ib.) 
Engine Reaction Motors, Inc. 


XLR-11-RM-3 (Моде! 
A6000C4). 6,000-Ib. 
static thrust 

72—73 NORTH AMERICAN X-15 


Wingspan 6.82m (22.36 It.) 

Length 15.47m (50.75 ft.) 

He?ght 396m (13 ft.) 

Weight Launch configuration. 
17.237kg (38,000 Ib.) 
Landing configura- 
tion. 5.670kg 
(12.500 Ib.) 

Engine Thiokol [Reaction 


Motors) XLR-99-RM-2. 
57,000-Ib. thrust at 
sea level 
74-75 GEMINI 4—see Introduction 
77 FRIENDSHIP 7—see Introduction 
81 GODDARD'S MARCH 16, 1926, 
ROCKET 


Length 6.7m (22 ft.) 

Diameter 46cm (18 in.) 

Weight 

(empty) 86kg (190 Ib.) 

Fuel Gasoline. 55kg (112 Ib.] 

Oxidizer Liquid oxygen, 64kg 
{140 Ib.] 
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Thrust 446kg (985 Ib.) 
81 THE 1941 GODDARD ROCKET 
Length 6.7m (22 ft.) 


Diameter 46cm (18 in.) 
Weight 
(empty) 86kg (190 Ib.) 
Weight of 
propellants Gasoline, 55kg 
(1121b.) 
Liquid oxygen, 64kg 
(140 Ib.) 
Thrust 
(static test) 446kg (985 lb.) 
82-83 SPUTNIK1 
Diameter 58cm (22.8 in.) 
Weight 83.6kg (184 Ib.) 
82—83 PIONEER 10 PROTOTYPE 
Length 2.9m(9 ft. 6 in.) 
Diameter 
across dish 2.7m (9 ft.) 
Weight at 
launch 258kg (568 Ib.) 


Launch vehicle Atlas Centaur 
82-83 EXPLORER 1 BACKUP 
VEHICLE 


Length 2.05m (80.75 in.) 
Diameter 16.5cm (6.50 in.) 
Weight 13.8kg (30.66 Ib.) 


Launch vehicle Jupiter C 


Hall of Air Transportation 
94—95,99 DOUGLAS M-2 
MAILPLANE 

Wingspan 12.09m {39 ft. 8 in.) 

Length 8.81m (28 ft. 11 in.) 

Height 3.07m (10 ft. lin.) 

Weight Gross, 2.253kg 

(4.968 Ib.) 
Empty. 1.320kg 
(2.910 Ib.) 

Engine Liberty 12; 400 hp 
96-97,99 PITCAIRN PA-5 
MAILWING 

Wingspan 10.05m (33 ft.) 

Length 6.67m (21 ft. 10% in.) 

Height 2.83m (9 ft. 3/ in.) 

Weight Gross, 1,139kg 

(2,512 1b.) 
Empty, 731kg 
(1.612 lb.) 
Engine Wright Whirlwind 
J-5-C, 200 hp 
100-101 FAIRCHILD FC-2 
Wingspan 13.5m (44 ft.) 
Folded, 3.98m (13 ft.) 

Length 8.68m (30 ft. 11 in.) 

Height 2.73m (9 ft.) 

Weight Gross, 1.630kg 

(3,600 Ib.) 
Empty. 930kg 
(2,0501b.) 
Engine Wright J-4, 220 hp 
102 NORTHROP ALPHA 
Wingspan 13m (41 ft. 10 in.) 
Length 8.65m (28 ft. 42 in.) 
Height 2.7m (9 ft.) 
Weight Gross, 2,043kg 
(4,500 Ib.) 
Empty, 1,208kg 
(2.660 Ib.) 

Engine Pratt & Whitney Wasp. 
420 hp 
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104—05 FORD TRI-MOTOR 


Wingspan 23.71m (77 ft. 10 in.) 
Length 15.18m (49 ft. 10 in.) 
Height 4.16m (13 ft. Sin.) 
Weight Gross. 5,738kg 
(12.650 Ib.) 
Empty. 3.470kg 
(7.650 Ib.) 
Engine Three Pratt & Whitney 


Wasp. 420 hp 
106-07,108-09 BOEING 247D 


Wingspan 22.55m (74ft.) 

Length 15.72m (51 ft. 7 in.) 

Height 3.70m (12 ft. 1% in.) 

Weight Gross, 7.623kg 
(16,805 Ib.) 

Engine Pratt & Whitney Wasp 


S1H1-G. 550 hp 
110-11 DOUGLAS DC-3 


Wingspan 28.95m (95 ft.) 
Length 19.66m {64 ft. біп.) 
Height Sm (16ft. 11 in.) 
Weight Gross, 1 1.430kg 
{25,200 Ib.) 
Cruising 
speed 297.65 km/hr 
(185 mph) 
Engine Two Pratt & Whitney 


R1830-92, 1,200 hp 
112-13 BEECHCRAFT MODEL 18 


Wingspan 14.5m (47 ft. 7 in.) 
Length 10.4m (33 ft. 111 in.] 
Height 2.8m (9 ft. 21 in.) 
Weight Gross. 3.967kg 
(8.750 Ib.) 
Empty, 2.584kg 
15,697 Ib.) 
Engine Two Pratt & Whitney 


Wasp. Jr., 450 hp 
115,116 DOUGLAS DC-7 


Wingspan 35.81m1(117 ft. біп.) 
Length 33.24m1108 ft. 11 in.) 
Height 8.72m (28 ft. 7 in.) 
Weight Gross, 55,129kg 
(122,200 Ib.) 
Empty, 30,076kg 
(66,306 Ib.] 
Engine Four Wright 
R-3350-18DAl. 
3,250 hp 
Pioneers of Flight 


118-19 WRIGHTEXVINFIZ 


Wingspan 9.60m (31 ft. 61% in.) 
Length 6.53m (21 ft. 5 in.) 
Height 2.23m7 ft. 4 in.) 
Weight Gross, 410kg (903 Ib.) 
Engine Wright, 35 hp 
120-21 FOKKER T-2 
Wingspan 24.26m (79.57 ft.) 
Length 15.00m (49.20 ft.) 
Height 3.71m (12.17 ft.] 
Weight Gross. 4,922kg 
(10,850 Ib.) 
Engine Liberty V-12, 420 hp 
124-25 DOUGLAS WORLD CRUISER 
Wingspan 15.24 m (50 ft.) 
Length 20.66m (35 ft. 6 in.) 
Height 4.15m (13 ft. 7' in.) 
Weight Gross. 3,348kg 


(7.380 Ib.), landplane: 
3,710kg (8.180 Ib.), 


seaplane 

Empty, 1.987kg 
(4,380 Ib.). landplane: 
2.350kg (5.180 Ib.]. 


seaplane 
Engine Liberty V-12, 420 hp 
126-27 CURTISS R3C-2 
Wingspan Upper. 6.71m (22 ft.) 
Lower, 6.10m (20 ft.) 
Length 6.01m (19 ft. 8/2 in.) 
Height 2.46m (8 ft. lin.) 
Weight Gross, 1,152kg 
(2,539 lb.) 
Empty. 975kg 
(2,150 Ib.) 
Engine (1925) Curtiss V-1400, 


610 hp: (1926) Curtiss 
V-1400, 665 hp 
128-29 LOCKHEED SIRIUS 


TINGMISSARTOQ 
Wingspan 13.05m (42 ft. 10 in.] 
Length 9.14m (30 ft.) 
Height 4.50m(14ft. 9 in.) 
Weight Gross, 3,502kg 
(7.699 Ib.) 
Empty, 2.082kg 
(4.589 lb.) 
Engine Wright Cyclone 


SR-1820-F2. 710 hp 
130-31 LOCKHEED VEGA 


Wingspan 12.49m (41 ft.) 
Length 8.38m (27 ft. 6 in.) 
Height 2.49m (8 ft. 2 in.) 
Weight Gross, 1,315—1.450kg 
(2,900-3.200 Ib.) 
Empty. 748kg 
(1.650 Ib.) 
Engine Pratt & Whitney Wasp 


CB #3812, 225 hp 
134—35 GOSSAMER CONDOR 


Wingspan 29.25m (96 ft.) 
Length 9.14m (30 ft.) 
Height 5.49m (18 ft.) 
Weight 31.75kg 
(70 Ib.) 
136-37 GRUMMAN GULFHAWK 11 
(at Silver Hill Museum) 
Wingspan Upper. 8.72m 
(28 ft. 7 in.) 
Lower, 8.18m 
(26 ft. 1 in.) 
Length 7.01m (23 ft.) 
Height 3.05m (10 ft.) 
Weight Cross-country, 
1,903kg (4,195 Ib.) 
Aerobatic, 1,625kg 
(3,583 Ib.) 
Engine Wright Cyctone 


R-1820-G1, 1,000 hp 
138-39 STINSON SR-10 RELIANT 


{at Silver Hill Museum) 
Wingspan 12.79m (41 ft. 10% in.) 
Length 8.39m (27 ft. 7'5 in.) 
Height 2.59m (8 ft. 7 in.) 
Weight Gross, 1,758kg 


(3,875 1b.). Empty. 
1.141kg (2.515 Ib.) 


Engine Lycoming R-680-D6, 
245 hp 
140 BOEING P-26A (at Silver Hill 
Museum) 
Wingspan 8.52m (27 ft. 11% in.) 
Length 7.26m(23 ft. 10 in.) 
Height 3.18m(10 ft. 5 in.) 
Weight Gross, 1.340kg 
(2,955 Ib.) 


Empty. 996kg 
12.196 Ib.) 


Engine Pratt & Whitney 
R-1340-25. 500 hp 
Balloons and Airships 


148,149 U.S.S. МАСОЛ DIRIGIBLE 


WITH CURTISS F9C-2 SPARROWHAWK 


Sparrowhawk statistics: 

Wingspan 7.75m (25 ft. 5 in.) 

Length 6.28m (20 ft. 7 in.) 

Height Gross, 1.246kg 
(2.7701b.) 
Empty. 948kg 
(2.089 Ib.) 

Engine Wright R-975-E3, 


438 hp 


152-53 HINDENBURG 


Length 245m (803.8 ft.) 
Diameter 41.2m(135.1 ft.) 
Height 49.9m (164 ft.) 
Volume 199.976 cu m 
(7.062.100 cu. ft.) 
Engine Four Daimler-Benz 
16-cylinder Diesel, 
1.050 hp 
World War I Aviation 
158-59 SPAD VII 
Wingspan Upper. 7.82m 
(25 ft. 8 in.) 
Lower, 7.62m (25 ft.) 
Length 6.10m (20 ft.) 
Height 3.05m (10 ft.) 
Engine Hispano-Suiza 8Ab. 


205 hp 


163,164—65 FOKKERD. VII 


Wingspan 


Length 
Height 
Weight 


Englue 


Upper, 8.93m 
(29 ft. 3'^ in.) 
Lower, 6.86m 
(22 ft. 10 in.] 
7.01m (23 ft.) 
2.82m (9 ft. 3 in.) 
Gross, 878kg 
(1.936 Ib.) 
Empty. 700kg 
(1,540 Ib.) 
Mercedes, 160hp, or 
B.M.W.. 185 hp 


168-69 SPAD XVI 


Wingspan 
Length 


Height 
Welght 


Engine 


172 SPAD XIII (at Silver Hill Museum) 


Wingspan 
Length 
Height 
Weight 


11.06m 

(36 ft. 1012 in.) 
7.6m125 ft. 4 in.) 
2.525m (8 ft. 5 in ) 
Gross. 1.292.75kg 
(2.844 Ib.) 

Empty, 906.36kg 
(1,994 Ib.) 
Lorraine-Dictrich 
Model 8Bb. 250 hp 


8m (26.25 ft.) 
6.2m (20.35 ft.) 
2.52m (8.27 ft.) 
Gross, 924kg 
(2,036 Ib.) 
Empty. 664kg 
(1,464 Ib.) 


Engine Hispano-Suiza. 
220 hp 
Exhibition Flight 


176-77 WACO9 


Wingspan 


Length 
Helght 
Welght 


Engine 


Upper. 9.54m 

(31 ft. 4 in.) 
Lower, 8.99m 

(29 ft. біп.) 
7.19m (23 fi. 7 in.) 
2.82m (9 ft. 3 in.) 
Gross, 953kg 
(2,100 Ib.) 

Empty. 600kg 
(1,320 Ib.) 

Curtiss OX-5, 90 hp 


1892-83 CURTISS R3C-2— see Pioneers 


of Flight 


184—85 TURNER RT-14 METEOR 


Wingspan 
Length 
Height 
Weight 


Engine 


7.71m (25 ft. 3'^ in.) 
7.11m (23 ft. 4 in.) 
3.05in (10 ft.) 

Gross, 2,233kg 
(4.923 lb.) 

Empty, 1,427kg 
(3,300 Ib.) 

Pratt & Whitney Twin 
Wasp. Sr., 1,000 hp 


186-87 BÜCKER 133 JUNGMEISTER 


Wingspan 
Length 
Height 
Weight 


Engine 
190-91, 192—93 
Wingspan 
Length 
Height 
Weight 
Engine 


6.60m (21 ft. 7% in.) 
5.90m (19 ft. 4 in.) 
2.25m (7 ft. 42 in.) 
Gruss, 585kg 
(1,2901b.) 
Empty. 420kg (925 Ib.) 
Warner, 185 hp 
WITTMAN BUSTER 
4.59m (15 ft. Lin.) 
5.31m (17 ft. 5 in.) 
1.22m (4 ft.) 
Gross. 227kg (500 Ib.) 
Continental, 85 hp 


194-95 PITTS SPECIAL 


Wingspan Upper. 5.28m 
(17 It. 4 in.) 
Length 4.72m (15 ft. 6 in.) 
Welght Gross. 476kg 
(1,050 Ib.) 
Empty, 290kg (640 Ib.) 
Engine Any engine between 
85-180 hp. usually 
Lycomings 100—180 hp 
Flight Technology 
223 PRATT & WHITNEY R-985 WASP, 
JR., ENGINE 
Type Air-cooled radia! 
Number of 
cylinders 9 (single row) 
Displacement 16.1 lit (985 cu. in.) 
Bore 132mm (5.1875 in.) 
Stroke I32mm (5.1875 in.) 
Compression 
ratio 6.1:1(6.1:1) 
Diameter 1.172mm (46.1 in.) 
Length 1,094mm (43.1 in.] 
Weight 309kg (682 Ib.) 
Horsepower | 450hp 


Specific fuel 
consumption 


215 g/hp/hr 
(0.47 Ib./hp ir.) 


226 GENERAL ELECTRIC F-13 
TURBINE SUPERCHARGER 


Rated 
altitude 
Weight, of 
supercharger 
only 

(less waste 
plpe) 
Nominal 
engine 
horsepower. 
basic design 
Nominal 
engine 
horsepower, 
range 

Rated rpm at 
rated altitude 
Air flow 
(approx.] 


Engine 
displacement 
(approx.) 


7,600m (25.000 ft.) 


58kg (130 Ib.) 


1.000hp 


800-1,200hp 
21.300rpm 
52kg/min (115 Ib. 


min.) 


40 cu m/min (1.400 
cu. ft./min.) 


227 WESTINGHOUSE YANKEE 9.54 


(3-32) ENGINE 
Type 
Diameter 
Length 
Weight 
Specific fuel 
consumption 


Thrust 


Axial-flow turbojet 
241mm (9.5 in.) 
1.402mm (55.2 in.) 
66kg (145 Ib.) 


l.7kg/kg thr 
(1.7 1b.1b. t./hr.) 
118kg t (260 Ib. t.) 


230—31 HUGHES H-1 RACER 


9.67m (31 ft. Yin.) 
8.23m (27 ft.) 

Gross, 2.495kg 
(5.500 Ib.) 

Pratt & Whitney Twin 
Wasp. Jr.. 700 hp 


Flight Testing 


236-37 LOCKHEED VEGA WINNIE 


MAE 
Wingspan 
Length 
Height 
Weight 


Engine 


12.49m (41 ft.) 
8.38m (27 ft. 6 in.) 
2.49m (8 ft. 2 in.) 
Gross. 2.041kg 
(4.500 Ib.) 

Empty. 1.777kg 
(2,595 Ib.) 

Pratt € Whitney Wasp 
C, serial no. 3088, 
500 hp 


238—39 BELL XP-59A AIRACOMET 


Wingspan 
Le 

Height 
Weight 


Engine 


14.93m (49 ft.) 
11.83m (38 ft. 10 in.) 
3.76m (12 ft. 33 in.) 
Gross, 5,443kg 
(12.562 lb.) 

Empty, 3.320kg 
(7,320 lb.) 


Two General Electric 


I-A. 1.250-Ib. thrust 


240—41 HAWKER XV-6A KESTREL 


Wingspan 


6.98m (22 ft. 11 in.) 
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Length 
Height 
Weight 


Engine 


12.93m (42 ft. Sin.) 
3.28m (10 ft. 9 in.) 
Gross. 6.804kg 
(15,000 Ib.) 

Empty. 4.536kg 
(10.000 Ib.) 

Rolls Royce Bristol 
Engine Div. Pegasus 5. 
15.500-Ib. static thrust 


244—45 DOUGLAS D-558-2 


7.62m (25 ft.) 
12.80m (42 ft.) 
3.86m (12 ft. 8 in.) 
Launch, 7.161 kg 
(15,787 Ib.) 

Landing. 4.673kg 
(9.421 Ib.) 

Reaction Motors. Inc. 
XLR-8-RM-6 (Model 
A6000C 4) fonr- 
chamber rocket engine 
rated at 2.721 kg 
(6.000 Ib.) thrust 


244—45 LOCKHEED F-104 


STARFIGHTER 
Wingspan 
Length 
Height 
Weight 


Engine 


6.68m (21 ft. 11 in.) 
16.61m (54 ft. 9 in.) 
4.11m(13 ft. 6 in.) 
Gross, 9,980kg 
(22.000 Ib.) 

General Electric 
J-79-GE-3A turbojet. 
11,000-Ib. static 
thrust 


246-47 TOMAHAWK CRUISE MISSILE 


2.6m (8 ft. 7 in.) 
5.6m (18 ft. 3 in.) 
0.5m (1 ft. 9 in.) 
Gross. 1.203kg 
(2.652 Ib.) 

Atlantic Research 
Corp. solid-propellant 
boost motor. 3. 175kg 
{7,000 Ib.) thrust: 
Williams Research 
Corp. F107-WR-400 
turbofan, 272kg 
(600 Ib.) thrust 


246—47 BELL X-2 (model) 


Wingspan 9.74m (32.3 ft.) 
Length 11.53m (37.83 ft.) 
Height 4.1]m(13 ft. біп.) 
Weight Launch. 11.299kg 
(24.910 Ib.) 
Landing, 5.613kg 
(12.375 Ib.) 
Engine Curtiss-Wright 
XLR-25-CW-3 two- 
chamber liquid- 
propelled rocket 
engine rated 
at 6.800kg 
(15.000 Ib.} thrust 
Vertical Flight 
252-53 SIKORSKY XR-4 
Rotor 
diameter 11.6m (38 ft.) 
Length 10.36m 
(33 ft. 11% in.) 
Height 3.78m (12 ft. 5 in.) 
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Weight Gross 1,148kg 
(2,540 Ib.) 
Empty, 913kg 
(2.010 Ib.) 
Engine Warner R-500-1 Super 


Scarab, 175 hp 
256-57 KELLETT XO-60 


Length Blades folded, 7.90m 
(25 ft. 11 in.) 
Height 3.09m (10 fi. 2 in.] 
Weight Gross, 1,198kg 
(2.640 Ib.) 
Engine Jacobs R-915-3. 
300 hp 
261 BELL VH-13J RANGER 
Rotor 
diameter 11.30m (37 ft. 12 in.) 
Fuselage 
length 9.87m (32 ft. 4% in.) 
Weight Gross. 1.293kg 
(2.850 Ib.) 
Empty. 744kg 
(1,640 Ib.) 
Engine Lycoming VO-540- 
ВІВ. 260 hp 
263 PITCAIRN AC-35 
Rotor 
diameter 11.06m (36 ft. 4 in.) 
Length 6.60m (21 ft. 8 in.] 
Height 2.44m (8 ft.) 
Weight Gross, 603kg 
(1,330 Ib.) 
Engine Pobjoy Cascade, 90 hp 
Sea-Air Operations 


268—69,272—73 DOUGLAS SBD-6 
DAUNTLESS 


Wingspan 12.66m (41 ft. 6 in.) 
Length 10.06m (33 ft.) 
Height 4.15m (13 ft. 7 in.) 
Weight Gross. 4.940kg 
(10.882 Ib.) 
Empty. 2.967kg 
16.554 Ib.) 
Engine Pratt & Whitney 


R-1820-66. 1,350 hp 
268-69 GRUMMAN FM-1 (F4F-4) 
WILDCAT 


Wingspan 11.58m (38 ft.) 
Length 8.77m (28 ft. 9 in.) 
Height 4.52m (9 ft. 2» in.) 
Weight Gross. 3.607kg 
(7,952 Ib.) 
Empty. 2.612kg 
(5,758 lb.) 
Engine Pratt & Whitney 


R-1830-86. 1.200 hp 
276-77 BOEING F4B-4 


Wingspan 9.15m (30 ft.) 
Length 6.10m (20 ft. 1 in.] 
Height 2.84m (9 ft. 4 in.) 
Welght Gross. 1.639kg 
(3.611 Ib.) 
Empty. 1,069kg 
12.354 Ib.) 
Engine Pratt & Whitney 


R-1340-16, 550 hp 
278-79,280,287 DOUGLAS A-4C 
SKYHAWK 

Wingspan 
Length 


8.39m (27 ft. 6 in.) 
12.23m (40 ft.) 


Helght 
Weight 


Engine 


4.58m (15 ft.) 
Gross, 10,215kg 
122,500 Ib.) 
Empty. 4.367kg 
(9,619 Ib.) 

Wright J65-W-16A. 
3,496kg (7,700 Ib.) 
thrust 


World War П Aviation 


300—01,304—05 MARTIN B-26B 


FLAK BAIT 
Wingspan 
Length 
Height 
Weight 


Engine 


21.63m (71 ft.) 
17.76m (58 ft. 3 in.) 
6.55m (21 ft. 6 in.) 
Gross. 16,783kg 
(37.000 Ib.) 

Empty. 10,886kg 
{24,000 Ib.) 

Pratt & Whitney 
R-2800-43. 1.920 hp 


306—07 MACCHI C.202 FOLGORE 


Wingspan 
Length 
Height 
Weight 


Engine 


10.58m (34 ft. 8'^ in.) 
8.85m (29 ft. % in.) 
3.02m (9 ft. 11% in.) 
Gross, 2,937kg 
(6.636 Ib.) 

Empty. 2.357kg 
(5.181 lb.) 
Daimler-Benz DB-601. 
license-built by 

Alfa Romeo 


306-07 ROLLS-ROYCE MERLIN 
MARK 64 ENGINE 


Type 

Number of 
cylinders 
Bore 

Stroke 
Dispiacement 
Compression 
ratio 

Width 

Height 
Length 
Weight 
Specific fuel 
consumption 


Horsepower 
310-11 
Wingspan 
Length 
Height 
Weight 


Engine 


Vee. liquid-cooled 


12 

137mm (5.40 in.} 
152mm (6.00 in.) 
27.0lit (1,649 cu. in.) 


6.0:1(6.0:1) 
757mm (29.8 in.) 
1.145mm (45.1 in.) 
1,981mm (78.0 in.) 
748kg [1,650 Ib.) 


240g/hp/hr 
(0.53 Ib./hp/hr.) 
1,320 hp (takeofl) 


P-51D MUSTANG 


11.28m (37 ft. 5/6 in.) 
9.83m (32 ft. 3 in.) 
4.16m (13 ft. 8 in.) 
Gross. 5.262kg 
(11,600 Ib.) 

Empty. 3.232kg 
(7.125 Ib.) 
Rolls-Royce Merlin. 
1.695 h 


p 
312-13 HAWKER HURRICANE IIC 
(at Silver Hill Museum) 


Wingspan 
Length 
Height 
Weight 


Engine 


12.2m (40 ft.) 

9.8m (32 ft. 2'A in.) 
4.04m (13 ft. 1 in.) 
Gross. 3.445kg 
17.544 Ib.) 

Empty. 2,575kg 
(5.658 Ib.) 
Rolls-Royce Merlin XX. 
1.260 hp 


312-13 SUPERMARINE SPITFIRE 


Wlagspao 
Length 
Height 
Weight 


Engine 


11.05m (36 ft. 10 in.) 
8.975m (29 ft. 11 in.) 
3.575m (11 ft. 5 in.) 
Gross. 3.575kg 
(7.875 Ib.) 
Rolls-Royce Merlin 64: 
1.290 hp at 

3,000 rpm 


314,315 MESSERSCHMITT BF. 109G 


Wingspan 
Length 
Height 
Weight 


Engine 


9.92m (32 ft. 6% in.) 
9.02m (29 ft. 7 in.) 
3.40m (11 ft. 2 in.) 
Gross. 3.150kg 

(6,945 Ib.) 

Empty. 2.700kg 
(5.953 Ib.) 
Daimler-Benz 
DB605A-1TA, 1.475 hp 


316 CURTISS P-40E WARHAWK 


Wingspaa 
Length 
Height 
Weight 


Engine 


11.37m (37 ft. 4 in.) 
9.49m (31 ft. 2 in.) 
3.23m (10 ft. 7 in.) 
Gross. 3.756kg 
(8.280 Ib.) 

Empty. 2.880kg 
(6,350 Ib.) 

Allison V-1710-39, 
1.150 hp 


318-19 MITSUBISHI A6M5 ZERO- 


FIGHTER 
Wingspan 11m (36 ft. Lin.) 
Length 9.12m (29 ft. 11 in.) 
Height 3.51m(11ft. біп.) 
Weight Gross. 2.733kg 
(6.025 Ib.) 
Empty. 1.876kg 
(4.136 Ib.) 
Engine NKIF Sakae 21. 
1,130 hp 
General Aviation 
322-23 PIPERJ-3CUB 
Wingspan 10.7m (35 ft. 2/2 in.) 
Length 6.8m (22 ft. 3 in.) 
Height 2.0m (6 ft. 8 in.) 
Weight Gross. 500kg 
(1.100 Ib.) 
Empty. 290kg 1635 Ib.] 
Engine Continental A-65-8, 


65 hp 


324—25 GATES LEARJET 23 


Wingspan 
Length 
Height 
Weight 


Engine 


10.8m (35 ft. 7 in.) 
13.2m (43 ft. 3 in.) 
3.8m (12 ft. 7 in.) 
Gross, 5.783kg 
(12.750 Ib.) 
Empty. 2.790kg 
(6,150 Ib.) 

Two General Electric 
CJ610-4 turbojets. 
1,293kg (2.850 Ib.) 
thrust each 


324-25 CESSNA 180 SPIRIT OF 


COLUMBUS 
Wingspan 
Length 
Height 
Weight 


Engine 


10.97m (36 ft.) 
7.98m (26 ft. 2 in.) 
2.36m (7 ft. 9 in.) 
Gross. 1,157kg 
(2.550 Ib.) 
Continental O-470-A, 
225 hp 


Flying for Fun 


337 VALKYRIE 


Wingspan 9.75m (32 ft.) 

Height 2.28m (7 ft. 6 in.) 

Weight 23kg (50 Ib.) 
338-39 CUMULUS 10 

Wingspan 9.70m (31 ft. 101n.) 

Leading edge 

leogth 5.79m (19 ft.) 

Weight 19kg (41 Ib.) 


342—43 SCHWEIZER 1-35A 


Wingspan 15m (49 ft. 2 in.) 
Length 5.84m (19 ft. 2 in.) 
Height 1.90m (6 ft. 3 in.) 
Weight 210kg (460 Ib.) 
342—43 SISU 1A 
Wingspan 15.25m (50 ft.) 
Length 6.35m (20 ft. 10 in.) 
Height 1.04m (3 ft. 5 in.] 
Weight 224kg (487 Ib.) 
Rocketry and Space Flight 


351 CONGREVE 100-POUNDER 
ROCKET 


Height 162.5cm (64 tn.) 
Diameter 18cm (7 in.) 
Weight 45.25kg (100 Ib.) 
Range 2,285-2,742m 


(2,500—3,000 yds.) 
352 JULES VERNE'S SPACECRAFT 


(fictional) 
Diameter 2.75m (9 ft.) 
Weight 9.070kg (20.000 Ib.) 
Launch 
vehicle The “Columbiad."a 


900-fool-long cannon 
Cost $173.050 
Launch date December 1. 1865 
354 GODDARD'S "HOOPSKIRT" 
ROCKET (1928) 


Height 4.5m (14 ft. 8 in.) 
Weight 12.93kg (28.5 Ib.) 
Fuel Gasoline 
Oxidizer Liquid oxygen 


354 GODDARD'S MAY 4, 1926, 
ROCKET 


Length 1.95m (6 ft. 4 in.) 
Weight 2.5kg (5.5 Ib.) 
Fuel Gasoline 
Oxidlzer Liquid oxygen 
356 V-2 ROCKET ENGINE 
Thrust 24,950kg (55.000 Ib.) 
Propeliants Liquid oxygen and 
alcohol 
Weight of 
propellants — 8,595kg (18,948 Ib.) 
Firing time 60-70 sec. 
Use V-2 ballistic missile 
357 RL-10A-3 ROCKET ENGINE 
Thrust 6,805kg (15,000 Ib.) 
Propellant Liquid oxygen-liquid 
hydrogen 
Firing time 470 sec. 
Use Saturn I (second 


stage); Centaur 
359 LR-87 ROCKET ENGINE 


Thrust 136.078kg 
(300.000 Ib.) 

Propellants Liquid oxygen and 
kerosene 


Flring time 180 sec. 
Use Titan 1 
360 H-LROCKET ENGINE 
Thrust 90.720kg 
(200,000 Ib.) 
Propellants Liquid oxygen and 
kerosene 
Use Saturn 1 (first stage): 
Saturn IB 
361 SURVEYOR VERNIER ENGINE 
Thrust 13.5 to 74kg 
(30—104 Ib.) 
Propellants Nitrogen tetroxide 
and monomethyl 
hydrozine 
Use Surveyor spacecraft 


attitude control and 
final descent to lunar 
surface 

365 PROJECT MERCURY SPACE 

SUIT 

Use Emergency protection 

in Ihe event of cabin 
depressurization 


Layers 2 
Materials Aluminized nylon: 
Neoprene* 
366 APOLLO SPACE SUIT 
Use Emergency protection; 


life support during 
extravehicular activity 
Layers 22 
Materials Beta cloth, Kapton*, 
Mylar", Neoprene*, 
Dacron, nylon 
368 APOLLO PORTABLE LIFE 
SUPPORT SYSTEM (PLSS) 
Weight (Earth) 65kg (144 Ib.) 
(Moon) 7.7kg (17 Ib.) 


Duration On one charge. the 
puss will operate for 
approximately 7 hours 

Functions The puss provides 


oxygen for breathing 
and maintains proper 
pressure, temperature. 
and ventilation for 
astronaut comfort 

Consumables Oxygen. water, 
batteries, lithium 
hydroxide 


Satellites 

376 BIOSATELLITE 2 
Dlameter 102cm (40 in.) 
Length 122cm (48 in.) 
Weight 
(lauoch) 236kg (515 Ib.) 
Apogee 236km (203 mi.) 


Period 90.8 min. 
Launch vehicle Delta 
Launch date Sept. 7, 1967 


Apollo to the Moon 


380 FREEDOM 7 MERCURY 
SPACECRAFT 


Diameter 2m(6 ft. 6 in.) max. 
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Leogth 2.8m (9 ft. 2 in.) 
at launch 
1,660kg (3.650 Ib.) at 
launch; 1. 100kg 
(2,422 lb.) as 
exhibited 
Launch vehlcie Redstone 
383,384 GEMINI 7 SPACECRAFT 
Length 5.6m (18 ft. 4 in.) in 
orbit; 2.3m (7 ft. 4 in.) 
at splashdown 
Base diameter Adapter, 3.1m (10 ft.): 
Spacecraft. 2.3m 
(7 ft. Gin.) 
Launch vehlcle Titan I! 
385 GEMINI 9 SPACECRAFT and 
AUGMENTED TARGET DOCKING 
ADAPTER (aTDA) 
Gemini: See Gemini 7 above 


Weight 


ATDA: 

Length 3.3m (10 ft. 11 in.) 
without nose shroud 

Diameter 1.52m (5 ft.) 

Weight 772kg (1.700 Ib.) 


Launch vehicle Ailas 
390-91 Е-1 ЕМСІМЕЅ 

Function Cluster of five 
providing 3.4 million 
kg (7.5 million Ib.) of 
thrust for Saturn V 
first stage 
690,000kg 
(1,522,000 Ib.) 
Kerosene (fuel) and 
liquid oxygen (oxidizer) 
5.8m (19 ft.) with 
nozzle extension 
3.8m (12 ft. 4 in.) with 
nozzle extension 
394 APOLLO 10' LUNAR MODULE, 
SNOOPY 
Ascent stage only: 

Height 3.8m(12ft. 4in.) 

Width 4.3m (14 ft. 1 in.) 


Thrust 
Propellants 
Length 


Dlameter 


Weight 4,635kg (10,300 Ib.] 
398-99 Interior of APOLLO I7 
LUNAR LANDER 

Habltable 

volume 4.48 cu m(160 cu. ft.) 

Preesurized 

volume 6.58 cu m (235 cu. ft.) 

Cabin 


temperature 24°C. (75^ E.) 
400—401 APOLLO LUNAR MODULE 


Helght 7m (22 ft. 11 in.), 
legs extended 
Diameter 9.4m (31 ft.) diagonally 
across landing gear 
Weight 
Earth launch 14,700kg 
{32,400 Ib.) 
LM (dry) 3,900kg (8.600 Ib.) 
Voiume 


Pressurized 6.7 cu m (235 cu. ft.) 

Habitable 4.5 cum (160 cu. ft.) 
409, 413, 414-15 APOLLO 11 
COMMAND MODULE COLUMBIA—see 
Milestones of Flight 
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418-19 LUNAR ROVING VEHICLE 
(APOLLO 15) 


Weight 
On Earth 210kg (462 Ib.) 
On Moon 34kg (76 Ib.) 
Payload 
On Earth 490kg (1,080 Ib.) 
On Moon 80kg (178 Ib.) 
Length 3.1m (10 ft. 2 in.) 
Width 1.8m (6 ft.) 
Wheelbase 2.3m (7 ft. біп.) 
Turning radius 3m (10 ft.) 
Drive One %4 hp motor in 


each wheel; total 1 hp 

Power source Two 36-v. silver-zinc 

batteries 
421 APOLLO SPACESUIT worn by 
Cernan (APOLLO 17) 

Use Emergency protection: 
life support during 
extravehicular activity 

Layers 22 

Materials Beta cloth, Kapton”, 
Mylar*, Neoprene*, 
Dacron, nylon 

Last spacesuit on the Moon: complete 

except for Portable Life Support System 

backpack, which was left on the Moon. 


Space Hall 


426, 428-29, 430-31 SKYLAB 
ORBITAL WORKSHOP 
Length 14.66m (48 ft.) 
Diameter 6.58m (21.6 ft.) 
Weight 35,380kg (78,622 Ib.) 
Launch vehicle Saturn V 
434—35,438-43 SKYLAB'S 
MULTIPLE DOCKING ADAPTER AND 


AIRLOCK MODULE 
Length 10.67m (35 ft.) 
Dlameter 3.05m (10 ft.) 
Weight 28,485kg (63.300 Ib.) 
445-46 SKYLAB 4 APOLLO 
COMMAND MODULE 
Diameter 3.9m (12 ft. 10 in.) 


max. 
Length 3.2m (10 ft. 7 in.) 
Weight 5.896kg (13.000 Ib.) 
Launch vehicle Saturn IB 

451-54 APOLLO-SOYUZ TEST 

PROJECT (astp) 


Apollo 
Command 
module 
Base 
diameter 3.90m (12.8 ft.) 
Length 3.66m (12 ft.) 
Welght 5.896kg (13,000 Ib.) 
Service module 
Dlameter 3.9m (12.8 ft.) 
Length 6.71m (22 ft.) 
Welght at 
launch 24,947kg (55.000 Ib.) 


Docking module 
Diameter 1.52m (5 ft.) 
Length 3.05m (10 ft.) 
Weight 1,882kg (4,155 Ib.) 
Launch vehicle Saturn IB 
Soyuz 
Orbital moduie 
Diameter 2.29m (7.5 ft.) 
Length 2.65m (8.7 ft.) 
Weight 1.224kg (2,700 Ib.) 
Descent module 
Diameter 2.29m (7.5 ft.) 
Length 2.20m (7.2 ft.) 
Weight 2.802kg (6,200 Ib.) 
Tastrument module 
Diameter 2.77m (9.75 ft.) 
Length 2.28m 17,5 ft.) 
Weight 2,654kg (5.850 Ib.) 


458—59 M2-F3"LIFTING BODY" 
Length 6.8m (22 ft. 2 in.) 
Span 2.9m (9 ft. 7 in.) 


Height 2.5m (8 ft. 10 in.) 

Welght 2,720kg (6,000 Ib.) 
empty: 4.540kg 
(10.000 Ib.) fueled 

Speed 1,718km per hr (1.066 
m per hr) max. 
achieved 

Altitude 21,800m (71.500 ft.) 


max. achieved 
Mach number 1.5 max. achieved 
460—61 SPACE SHUTTLE 


Length Complete assembly, 
56.1m (184 ft.) 
Orbiter, 37.3m 
(122.3 ft.) 

Orbiter 

wingspan 32.8m (78 ft.) 


Launch weight Complete assembly, 
1.89 million kg (4.4 


million lb.) 
Thrust at 
launch 3 million kg (6.7 
million lb.) 
462—63 COUNTERPOINT (Lunar Base 
Concept Model) 


An architectural study made in 1973 by 
John R. Dossey and Guillermo L. Trotti 
for a proposed colony of 200 people in 
the St. George crater near the Hadley 
Appenine region of the Moon. 


Exploring the Planets 


470-71 VOYAGER 
Diameter of 
reflector 3.66m (12 ft.) 
Launch weight 825kg (1,820 Ib.) 
Length of 
magnetometer 
boom 13m (43 ft.) 
Launch vehicle Titan 3E Centaur 
Launch dates Voyager 1, 
Aug. 20, 1977; 
Voyager 2. 
Sept. 5, 1977 
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